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of  the  central  nervous  system,  a  proper  knowledge  of  which  is 
essential  to  students  of  medicine — partly  by  the  provision  of  new 
illustrations  derived  from  many  sources.  The  author  desires  to 
express  his  recognition  of  the  readiness  with  which  other  authors 
have  placed  illustrations  at  his  disposal.  This  recognition  is 
especially  due  to  Professor  Sobotta  and  to  Professor  Ram6n  Cajal, 
the  latter  of  whom  was  good  enough  to  lend  many  of  his  original 
drawings  for  reproduction  in  this  work. 

A  new  feature  is  the  printing  of  many  of  the  illustrations  in 
colour,  which  it  is  believed  will  give  a  better  idea  of  the  appear- 
ance of  the  stained  preparations. 

To  Dr.  P.  T.  Herring,  who  has  read  and  corrected  the  final 
proofs;  and  to  Professor  Sherrington,  who  has  looked  through  the 
chapters  on  the  central  nervous  system,  the  author  begs  to  offer 
his  grateful  acknowledgments. 
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THE  ESSENTIALS  OF  HISTOLOGY 


INTRODUCTORY. 

ENUMERATION  OF  THE  TISSUES  AND  THE  GENERAL 

STRUCTURE  OF  ANIMAL  CELLS, 

Animal  Histology^  is  the  science  which  treats  of  the  minute  struc- 
ture of  the  tissues  and  organs  of  the  animal  body ;  it  is  studied  with 
the  aid  of  the  microscope,  and  is  therefore  also  termed  Microscopic 
Anatomy, 

Every  part  or  organ  of  the  body,  when  separated  into  minute 
fragments,  or  when  examined  in  thin  sections,  is  found  to  consist 
of  certain  textures  or  tissues,  which  differ  in  their  arrangement  in 
different  organs,  but  each  of  which  exhibits  characteristic  structural 
features. 

The  following  is  a  list  of  the  principal  tissues  which  compose  the 
body  :^- 

1.  Epithelial. 

2.  Connective :  Areolar,  Fibrous,  Elastic,  Adipose,  Lymphoid, 
Cartilage,  Bone. 

3.  Muscular :  Voluntary,  Involuntary  or  plain.  Cardiac. 

4.  Nervous. 

Some  organs  are  formed  of  several  of  the  above  tissues,  others 
contain  only  one  or  two. 

It  is  convenient  to  include  such  fluids  as  the  blood  and  lymph 
amongst  the  tissues,  because  they  are  studied  in  the  same  manner 
and  contain  cellular  elements  similar  to  those  met  with  in  some  of 
the  other  tissues. 

All  the  tissues  are,  prior  to  differentiation,  masses  of  cells  (embryonic 
cells).  In  some  tissues  other  tissue-elements  become  developed 
which  take  the  form  of  fibres.  Thus  the  epithelial  tissues  are  com- 
posed  throughout  life   entirely  of   cells,   only  slightly  modified    in 

^  From  lards,  a  web  or  texture. 
A 
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structure,  and  the  nen'ous  and  muscular  tissues  are  formed  of  cells 
which  are  greatly  modified  to  form  the  characteristic  fibres  of  those 
tissues.  On  the  other  band,  in  the  connective  tissues  an  amorphous 
material  becomes  formed  between  the  cells  which  is  termed  intercellvlar 
substance  or  ground  substance,  and  in  this  substance  fibres  make  their 
appearance,  sometimes,  as  in  the  fibrous  connective  tissue,  in  so  large 
an  amount  as  to  occupy  the  whole  of  the  intercellular  substance,  and 
greatly  to  preponderate  over  the  cells.  This  ground  substance,  by 
virtue  of  its  containing  a  certain  amount  of  inorganic  chlorides,  has 
the  property  of  becoming  stained  brown  or  black  by  nitrate  of 
silver  and  subsequent  exposure  to  light,  in  which  case  the  ceils, 
which  remain  unstained,  look  like  white  spaces  (cell-spaces)  in  the 
ground  substance.  When  an  epithelial  tissue  is  similarly  treated,  the 
narrow  interstices  between  the  cells  are  also  stained,  ^m  which  it  may 
be  concluded  that  a  similar  substance  exists  in  small  amount  between 
the  cells  of  this  tissue.  It  has  here  been  termed  cement..subBtance,  but 
it  is  better  to  apply  to  it  the  general  term  intereellular  substance. 

The  cells  of  a  tissue  are  not  always  separate  from  one  another,  but 
are  in  many  cases  connected  by  bridges  of  the  cell-substance,  which 
pass  across  the  intercellular  spaces.  This  is  especially  the  case  with 
the  cells  of  the  higher  plants,  but  it  has  also  been  found  to  occur  in 
animal  tissues,  as  in  some  varieties  of  epithelium  and  in  cardiac  and 
plain  muscular  tissue.  Occasionally  the  connexion  of  the  cells  of  a 
tissue  is  even  closer,  and  lines  of  separation  between  them  are 
almost  or  entirely  absent.  The  term  syncytium  is  given  to  any  such 
united  mass  of  cells. 


CellB.— A  cell  is  a  minute  portion  of  living  substance  (cytoplasm), 
which  is  sometimes  inclosed  by  a  celt-membrane  and  always  contains  a 
specially  difi'erentiated  part  which  is  known  as  the  nucleus. 

The  crtoplasm  of  a  cell  (fig.  l,p)  is  composed  of  proiopla^n,  which 
consists  chemically  of  pixAeid  or  nucleoproteid  substances,  with  which 
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leciihin,   a  combination    of   fatty   acid  with  glycerophosphoric  acid, 
1  c/uiksterin,  a  monatomic   alcohol,  having   many    of  the   phyMoal 
loters  of  fats,  appear  always  to  be  associated.     The  protopiasm 


[VBrworn 


tends  during  life  to  exhibit  movements  which  are  apparently  epoii- 
taneous,  and  when  the  cell  is  uninclosed  by  a  membrane  a  change 
le  shape,  or  even  in  the  position  of  the  cell,  may  be  thereby 
produced.  This  is  characteiiaticaliy  shown  in  the  movements  of  the 
unicellular  organism  known  as  the  araceha  (fig.  2) ;   hence  the  name 


— Protoplasjii 


amceboid  movement,  by  which  it  is  generally  designated.'  The  proto- 
plasm often,  but  not  always,  contains  a  tine  spongework,  which 
takes  under  high  powers  of  the  microscope  the  appearance  of  a 
network  (figs.  1,   3),    the   remainder  of  the  protoplasm  being  a  clear 

,e   amttboid   phonomana  of  eella   will  be  studied  later  (in  the   colourleBa 
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substance  which  occupies  the  interstices  of  the  sponge,  and  ma.y 
also  cover  the  surface  or  project  beyond  the  rest  of  the  cell.  A 
granular  appearance  is  often  produced  by 
the  knots  in  the  network  when  imper- 
fectly observed  looking  like  separate 
granules.  The  material  which  forms  the 
reticulum  is  termed  spongioplasm ;  the 
clearer  material  which  occupies  its  meshes 
is  hyaloplasm.  The  protoplasm  of  some 
cells  shows  a  considerable  degree  of 
differentiation  into  fibrils  which  may  be 
unbranched  or  may  form  a  network 
within  the  cell.  Some  cells  exhibit  a 
fine  canalisation  of  their  protoplasm 
{fig.  4),  and  according  to  Holmgren  the 
canaliculi  are  in  many  cases  occupied  by  branching  processes  of  other 
(nutrient)  cells,  which  form  what  he  terms  a  "  trophospongium." 
Protoplasm   often,    if    not  always,   includes  actual    granules   of    a 


Fio.  4.— TaoPHoapoNOiUM  (oasai.- 
OKLL,     (B.  Holmgren.) 


proteid    nature.     Some    of   these    granules    may   be    essential    con- 
stituents of  the  protoplasm  (Altmann);    others  are  materials  which 
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Itave  been  fonned  by  the  protoplasm,  and  which  are  in  a  aenae 
accidental  inclusions.  That  the  former  are  of  importance  appears 
to  be-  evident  from  the  fact  that  many  of  the  chemical  changes  of 
cells  occnr  in  them.  Moreover  they  are  closely  associated  with  the 
most  active  part  of  the  protoplasm,  the  part,  namely,  in  the 
neighbourhood  of  the  nucleus,  and  appear  to  become  fonned  in 
this  part,  and  from  it  to  extend  through  the  cell.  When  fibrils 
are  formed  in  the  protoplasm,  they  are  believed  to  be  produced 
from  the  granules  in  question,  to  which 
the  name  miiochondria  has  been  given 
(Benda),  (fig.  5).  The  mitochondria  are 
sometimes  collected  into  a  spherical  mass 
near  the  nucleus  which  stains  more 
deeply  than  the  rest  of  the  cytoplasm 
(fig.  6).  To  this  body  the  term  para- 
nudeiis  has  been  applied.  The  granules 
referred  to  may  be  regarded  as  actual 
constituents  of  the  cytoplasm,  and  formed  Fio.  6 
directly  from  its  protoplasm.  As  indicat- 
ing this  close  connexion  with  protoplasm  ^^^^j,^  ^„^^  suuh™.)  ' 
they  may  conveniently  be  termed  deuto- 

plasm.  This  name  has  also  been  used  to  include  materials  which 
are  merely  included  in  the  gytoplasm  and  not  factors  in  its  constitu- 
tion, such  as  pigment  granules,  fat  globules,  and  vacuoles  containing 
watery  fluid,  with  or  without  glycogen  or  other  substances  in  solution. 
Materials  which  are  thus  included  in  the  protoplasm  of  a  cell  are 
either  stored  up  for  the  nutrition  of  the  ceil  itself,  or  are  converted 
into  substances  which  are  eventually  extruded  from  the  eell  in  order 
to  serve  some  pui'pose  useful  to  the  whole  organism,  or  to  be 
got  rid  of  from  the  body.  The  term  paraplasm  may  be  employed 
to  denote  any  such  materials  within  a  cell.  Paraplasm  is  often 
present  in  suflieient  quantity  to  reduce  the  cytoplasm  to  a  relatively 
small  amount,  the  bulk  of  the  cell  being  occupied  by  other  material,  as 
■when  starch  becomes  collected  within  vegetable  cells  or  fat  within 
the  cells  of  adipose  tissue.  It  is  frequently  the  case  that  the  para- 
plasm and  deutoplasm  are  confined  mainly  to  the  middle  of  the 
cell  in  the  neighbourhood  of  the  nucleus,  an  external  zone  of  the 
protoplasm  being  left  clear.  The  two  portions  of  protoplasm  which 
are  thus  somewhat  imperfectly  differentiated  off  from  one  another 
are  termed  respectively  the  endoplasm  and  the  exoplasm  (fig.  1). 
They  are  exhibited  in  the  amteba  (fig.  2),  and  also  in  the  white 
blood-corpuscle  (fig,  8). 
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AccoidiDg  to  the  view  advocated  by  UiitscUi  the  apparent  reticulum  or 
spongioplasm  of  a  cell  ie  the  optical  effect  of  a.  soft  honeycumb  or  froth>like 
structure:  in  other  words,  the  meahes  of  the  reticulum  do  not  communicate 
with  one  another  as  in  a  sponge,  but  are  closed  cavities  as  in  a  honeycomb. 
Biitachli  finds  indications  of  the  same  alveolar  structure  in  all  cells,  iucludinK 
nerve-fibres  and  muscle- fibres,  and  has  devised  experiments  with  drops  o7 
froth  made  up  of  a.  mixture  of  oil  and  alkaline  caroonate  or  sugar  solution, 
which,  when  eiamined  in  water  uuder  the  microscope,  imitate  very  closely 
not  only  the  structural  appearance  (fig.  7)  but  even  the  Bo-calle<I  spoutaneoua 


or  amoeboid  movements  of  actual  protoplasm.  It  may  be  stated,  however, 
that  although  it  is  a  matter  of  difficulty  to  determine  whether  a  microscopic 
reticulum  is  a  sponge-work  or  a  honeycomb,  it  is  probable  that  neither 
structure  is  eaaential  to  living  substance,  for  the  outermost  layer  of  the  cell 
protoplasm,  which  is  usually  the  most  active  in  exhibiting  movements,  often 
shows  no  indication  of  such  structure.  And  further,  it  has  been  shown  by 
Hardy  that  a  colloid  solution  such  as  that  which  exists  in  protoplasm  may, 
under  some  circumstances,  appear  homogeneous  and  under  others  may 
separate  out  into  two  parts,  one  more  solid  the  other  more  fluid,  aud  after 
sucdi  separation  may  exhibit  either  a  granular,  a  reticular,  or  a  honeycomb 
structure,  according  to  circumstances.  Nor  is  a,  "froth"  necessary  tor  the 
imitation  of  amceboid  movements,  for  similar  movements,  due.  to  changes  in 
surface  tension,  are  brought  about  in  a  simple  oil  drop  or  in  a  drop  of 
oil-clad  albumen  when  brought  in  contact  with  solution  of  soap  or  of  any 
alkali  (Berthold,  Quincke).  A  di'op  of  any  colloid  solution  contairiinK 
electrolytes  is  also  subject  to  such  changes  of  surface  tension  when  exposed 
to  varying  electrical  influences,  so  that  these  amceboid  movements,  which 
are  certainly  "  vital,"  are  capable  of  being  explained  by  well-knowu  physical 

There  are  grouudsfor  believing  that  a  very  fine  pellicle  covers  the  exterior 
of  the  protoplasm  of  all  free  cells,  and  that  this  pellicle  is  composed  of  a 
material  which,  although  not  soluble  in  water,  is  permeable  to  watery  fluids, 
and  may  also  allow  the  passage  of  solids  without  rupture.  Such  a  material 
might  be  furnished  by  the  lecithin  and  cholesterin  (Overton),  which  are,  as 
we  have  seen,  constant  constituents  of  cell-protoplasm.  It  must,  however, 
be  stated  that  it  has  not  been  proved  that  these  substances  are  collected  at 
the  surface  of  protoplasm. 

Properties  of  living  matter,— Living  cells  exhibit  (1)  irriiabiliti/  or  the 
property  of  responding  to  stimuli ;  (2)  metabolic  or  chemical  changes  which 
result  in  astimilation  or  the  taking  in  of  uutrient  matter  and  converting  it 
into  living  substance  (anabollsm),  and  ditasiimilatioTt,  the  ph>perty  of  break- 
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ing  down  or  gettiug  rid  of  siict  aubatance  (katabolism) ;  (3)  reprodvctwn 
resalting  in  the  muFtiplication  of  cells.  Of  these  properties  (2)  and  (3)  ara 
certainly  governed  or  influenced  by  the  cell-iiucleua,  and  (3)  appears  to  be 
iiBually  initiated  by  the  ceiitroaoine  (aee  below).  The  irritability  of  the  cell 
dependH,  however,  mainly  upon  the  cytoplasm  itself.  It  ia  in  couBequance  of 
this  property  that  protoplasm  reacts,  Hometimea  by  contraction  aoraetimea 
by  I'elaxatioD,  to  mechanical,  chemical,  thermal,  and  electrical  atimnli,  and  in 
the  case  of  some  ceils  (e.^.  the  pigment-cellB  and  cones  of  the  retina)  to  the 
atiinidua  of  light.  The  araceboid  moveraeiita  of  cells  are  a  manifestation  of 
irritability,  being  produced  and  influenced  by  various  external  conditions 
and  Btimuli.  Sometimes  the  result  of  a  stimulua  is  to  causa  a  cell  or  organism 
to  move  towards  the  source  of  excitation  (attraction) ;  in  other  canes  the 
moveraeut  is  in  the  reverse  direction  (repulsion).  The  terma  positive  and 
negative  chemotasia,  phototaiia,  thermotaxis,  and  the  like,  are  usei:l  to  indi- 
cate the  nature  of  the  effects  produced  by  various  forms  of  stimulation. 

Attraction-sphere  and  centtosome. — In  some  cells,  as  skeady  indi- 
cated, there  are  tine  but  distinct  strire  or  fibrils  {cytomiiome)  running 
in  definite  directions.     These  are  very  commonly  met  with  in  fixed 


poplosm.  and  the  prDL<»p1iuT 

cells,  Buch  as  various  kinds  of  epithelium-celis,  nerve-cells,  and  muscle- 
cells.  But  besides  these  special  difl'erentiations,  which  appear  to  be 
related  to  special  functions,  there  are  other  fibril-like  structures  in  the 
cell-protoplasm,  associated  with  what  is  known  as  the  cen/rosome  (figs. 
1,  9).  This  is  ft  minute  particle  (cmlrioU),  usually  situated  near  the 
nucleus,  and  staining  darkly  with  iron-htsmatoxylin,  surrounded  by 
a  clear  area  (atlraction-spkere),  and  from  it  radiate  into  the  surround- 
ing protoplasm  a  number  of  fine  fibrils  with  dot-like  enlargements 
at  intervals.  The  attmction-sphere,  with  its  central  particle,  was 
iirat  noticed  in  the  ovum  and  was  at  itrst  supposed   to  be  peculiar 
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to  the  egg-cell,  but  it  has  now  been  recognised  in  very  many  kinds 
of  cells,  and,  in  animal  cells,  is  of  nearly  universal  occurrence.  The 
structures  in  question  are  frequently  double  (fig.  1),  the  twin  spheres 
being  connected  by  a  spindle-shaped  system  of  delicate  fibrils 
(achromatic  spindle) :  this  duplication  invariably  precedes  the  division 
of  a  cell  into  two. 

In  some  cells  the  centrioles  are  multiple  ;  this  is  frequently  the  case  with 
leucocytes  and  always  with  the  giant-cells  of  bone  marrow.  The  material 
which  immediately  surrounds  the  centrosome,  and  of  which  the  i^iating 
fibres  and  the  fibres  of  the  spindle  are  composed,  is  considered  by  some  to 
be  distinct  in  nature  from  the  general  protoplasm :  it  has  been  termed 
the  archoplasm.  It  appears  clear  that  in  some  cells  the  centrosome  and 
archoplasm  may  have  an  existence  independent  of  one  auother;  thus  na 
centrosome  has  been  found  in  the  cells  of  the  higher  plants,  although  the 
archoplasmic  fibres  are  very  well  marked  in  them  during  cell-division. 

A  cell-membrane  is  rarely  distinct  in  animal  cells.  When  present,, 
it  is  usually  formed  by  transformation  of  the  external  layer  of  the 
protoplasm,  but  its  chemical  nature  has  not  been  sufficiently  investi- 
gated.    In  plant  cells  a  cellulose  membrane  is  of  common  occurrence. 

The  nucleus  of  the  cell  (fig.  1,  n)  is  a  small  vesicle,  spherical,, 
ovoid,  elongated,  annular,  or  irregularly  lobulated  (figs.  8,  9,  10),. 
embedded  in  the  protoplasm.  Cells  have  sometimes  two  or  more  nuclei. 
The  nucleus  is  bounded  by  a  membrane  which  incloses  a  clear  sub- 
stance (nuclea/r  hyaloplasm,  karyoplasm),  and  the  whole  of  this  substance- 
is  generally  pervaded  by  an  irregular  network  of  fibres,  some  coarser,, 
others  finer  (nuclear  reticulum,  karyomitome).  The  membrane  is  the 
outermost  layer  of  the  nuclear  reticulum,  and  may  itself  have  meshes- 
like  a  basket-work,  thus  allowing  direct  communication  between  the 
hyaloplasm  of  the  cell  and  that  of  the  nucleus.  The  knots  of  the 
nuclear  reticulum  are  sometimes  very  distinct  and  give  an  appearance 
of  conspicuous  granules  within  the  nucleus  (pseudonucleoli).  The  nucleus 
usually  contains  a  single  distinct  highly  refracting  spherical  particle 
known  as  the  nucleolus.  This  is  sometimes  multiple,  and  occasionally 
has  a  vacuole-like  globule  in  its  interior.  The  material  of  the  nucleolus- 
differs  in  its  chemical  and  staining  reactions  from  the  nuclear 
reticulum,  but  prior  to  cell-division  it  becomes  indistinguishable 
from  the  substance  of  the  nuclear  fibres.  Whether  it  blends  with 
them  or  becomes  absorbed  and  removed  is  at  present  uncertain.  The 
nuclear  membrane,  intranuclear  fibres,  and  nucleoli  all  stain  deeply 
with  hsematoxylin  and  with  basic  dyes  generally ;  this  property  distin- 
guishes them  from  the  nuclear  matrix,  and  they  are  accordingly  spoken 
of  as  chromatic  (containing  chromatin,  which  in  the  nucleus  appears  to 
be  chemically  identical  with  nudein),  the  hyaloplasm  being  achromatic^ 
Sometimes  instead  of  being  united  into  a  network  the  intranuclear 
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fibres  take  the  form  of  convoluted  filaments  (rlirimosomes),  having  a  I 
akain-like    arrangement    (fig.    II).      This    is   always    found   when   . 
nucleus    ia   about    to   divide,    but   it   may  also   occur  in  the  resting  ] 


Fig.  10.— Cbm.  » 


Fio.  11,— GLAsn- 


condition.     These  filaments  may  sometimes  be  seen  with  high  magni-  1 
fication   to   he    made   up    of    fine    juxtaposed   particles   (chmmomeres) 
arranged  either  in  single  or  double  rows  {fig,    13),  which  impart  e 
cross-striated    appearance    to    the    filament.     The    chromomercs    are  1 
united  to  form  the  chromosomes  by  a  non-staining  material  to  which    | 


the  term  Hnin  has  been  applied.  The  nuclear  fibres  are  sometimes  \ 
clumped  together  into  a  solid  mass  which  comprehends  the  nucleolus  ' 
when  present,  and  has  the  ajipearance  of  an  enlarged  nucleolus.     The 
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fibres  within  the  nucleus  have  been  observed  to  undergo  spootaneoua 
changes  of  form  and  arrangement,  but  these  become  much  more 
evident  during  its  division.  The  division  of  the  protoplasm  is 
always  preceded  by  that  of  the  nucleus,  and  the  nuclear  fibres 
undergo  during  division  a  series  of  remarkable  transformations  which 
are  known  collectively  by  the  term  htTi/okinesis  (Schleicher)  or  mitosis 
(Flemming).  These  changes  may  easily  be  studied  in  the  division  of 
epithelium  cells,  but  exactly  similar  phenomena  have  been  shown  to 
occur  in  cells  belonging  to  other  tissues. 


Fio.  13.— Cell  of  bladdbb  BPiTBBLniu  f 

HUOLBce     (Nemileff ) 
r.  cytoplaxm    11  daushtsr  nuclsl    ///  ibraDd  at  flbrile  unittug  daughter  nuclei 

The  simple  division  of  a  nucleus  by  a  process  of  fission  without 
karyokinetic  changes  is  termed  arraiolK  dimsion  it  occurs  in  com- 
paratively rare  instances,  and  is  not  usually  followed  by  the  division 
of  the  cell,  so  that  it  is  apt  to  result  m  the  formation  of  bi  nucleated 
and  multi-nucleated  cells,  as  in  the  superficial  layer  of  the  epithelium 
of  the  urinary  bladder  and  in  some  of  the  giant  cells  of  bone-marrow. 

The  nucleus  of  the  cell  is  not  only  concerned  with  its  division  and 
multiplication  in  the  manner  shown  below,  but  takes  an  active  part 
in  the  chemical  (metabolic)  processes  which  occur  in  the  protoplasm. 
Hence  cells  deprived  artificially  of  their  nuclei  do  not  assimilate 
nourishment,  and  lose  any  power  of  secretion  they  may  have 
possessed,  although  the  protoplasm  may  continue  for  a  time  to  live 
and  exhibit  amteboid  movements. 


DiTision  of  cellB  — The  Jnision  of  i  cell  is  preceded  by  the  division 

ot   its   attraction  spheie    and    this   again    appears    to   determine   the 

.  division  of  the  nucleus      The  latter   m  dividing    passes  through  a 

lea  of  remarkable  changes    which  may  thus  be  briefly  summarised 


(Flemialiig. ) 


I  aa  they  oecui-  in  typical  animal  cells  such  as  the  epithelium  cells  of 
Salamandra : — 

1,  The  network  of  chromoplaam-filaments  of  the  resting  nucleus 
becomes  transformed  into  a  sort  of  sieiji,  formed  apparently  of  one 
long  convoluted  filament,  but  in  reality  consisting  of  a  number  of 
filaments  {spiTem) ;  the  nuclear  membrane  and  the  nucleoli  disappear 

I   or  are  merged  into  the  skein  (fig.  14,  n.  to  rf). 

2.  The  filament  breaks  into  a  number  of  separate  portions,  often 
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V-shaped,  the  dLromoBcnnes.  The  numbei'  of  chromosomes  varies  with 
the  species  of  animal  or  plant ;  in  some  animals  the  dividing  nuclei 
may  contain  at  this  stage  only  four  chromosomes ;  in  man  there  are 
said  to  be  twenty-four  in  the  ordinary  or  somatic  cells ;  a  like 
number  occurs  in  many  animals  and  plants :  others  have  more 
or  fewer.  As  soon  as  the  chromosomes  become  distinct  they  are 
often  arranged  radially  around  the  equator  of  the  nucleus  like  a 
star  {asler,  fig.  H,  e,f,  g). 


to  hsTB  eight  cbtot 

3.  Each  of  the  chromosomes  splits  longitudinally  into  two,  so  that 
they  are  now  twice  as  numerous  as  before  {stage  of  cleavage,  fig.  14, 
h,  i).     This  longitudinal  clea,vage  may  occur  at  an  earlier  stage. 

i.  The  fibres  separate  into  two  groups,  the  ends  being  for  a  time 
interlocked  (fig.  H, ,/,  k). 

5.  The  two  groups  pass  to  the  opposite  poles  of  the  now  elongated 
nucleus  and  form  a  star-shaped  figure  at  either  pole  (dioisier,  fig.  14,  I). 
Each  of  the  stars  represents  a  daughter  nucleus. 

6,  7,  8.  Each  star  of  the  diaster  goes  through  the  same  changes  as 
the  original  nucleus,  but  in  the  reverse  order- — ^viz.  a  skein,  at  first 
more  open  and  rosette-like  (fig.  14,  m),  then  a  closer  skeiu  (fig.  14,  n), 


^'^i. 


Fjo.  16. — Heteho-t 


c 


-r ., shown  io  flg.  la.    In  the  hHtarn-typlail  fDrni 

a1rC4Ldy  Anaiified  In  pain  beFore  dlvlnloEi  oommcncea ;  tbls 
uoiidltlnii  (geniliiaJ  couditlon,  k)  kavliiH  heoD  (irudiiciid  in  tlia  efiiaptic  propbssa. 
A  looKltiidin&l  iplit  !■  HSsn  In  Uis  diuter  itifM  and  ths  daughUr  nuolel  iiivs  tht 
aomatlc  numbor  at  ofaromoiomus  (S  In  this  IniUnce).  In  ths  homo-lTpliHl  faroi 
Ihers  is  no  lonititudliiBl  split  of  thu  V-sbapod  chroDiasaniBB  snd  the  H^puntlon  to 
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then   a  network    (fig.   14,  o,  p,  q);  passing   finally    into   tbe   typical 
reticular  condition  of  a  resting  nucleus. 


(WilaoD.  after  DrUner.) 


le  Bbrili  of  the  Bplndle 


The  splitting  and  separatioD  of  the  chromosomes  is  often  spoken  of  aa  th& 
metaphase  (melaiineni)  ;  tlie  stages  leading  up  to  this  beiug  termed  the 
anaphase  and  those  by  which  the  prijcess  is  terminated  the  kataphiue  or 
tel^ftase. 

The  mode  of  division  of  tbe  nuclear  chromatin  above  described  is 
frequently  spoken  of  as  tomatic  or  ordinari/  mitotic  (fig.  15)  to  dietiaguish 
it  from  two  modes  of  division  which  are  only  seen  normally  at  certain  stages 
of  multiplication  of  tbe  generative  cells,  and  which  Hre  known  as  ketero- 
typical  and  htrmatypical  milotii  (fig.  16).  In  the  latter  the  chromosomes  do 
not  undergo  the  usual  longitudinal  splitting,  but  one  half  of  the  total  number 
passes  into  each  daughter  nucleuK,  so  that  the  number  of  chromosomes  ia 
each  of  these  is  only  one  half  the  usual  somatic  number.  This  is  termed 
the  reduction-divitkm.'^  Heterotypical  mitosis  (which  immediately  precedes 
the  homotypieai)  is  characterised  by  a  peculiar  arraugeroent  of  the 
cbroniOBomes,  the  split  halves  of  whicn,  before  separating  to  pass  to  the 
daughter  nuclei,  tend  to  adhere  together  in  the  form  of  loops  or  rings,  or 
in  the  case  of  short  straight  chromosomes  into  smalt  quadrangular  masses 
(tetrads),  all  of  whicii  ate  observable  in  various  instances  of  heterotypical 
mit«si8.  (see  fig.  19). 

It  is  further  noteworthy  that  the  generative  cells  which  later  undergo  the 
reduction-division  above  described  eihibit  either  immediately  (sperm^cells) 
or  a  long  while  (germ-cells)  before  the  maiotic  divisions  a  remarkable 
series  of  changes  in  their  nuclear  chromatin  ;  the  chromosomes  becoming  first 
distinct  in  place  of  forming  a  network,  then  entangled  together  at  one  side 
of  the  nucleus  (synaptic  condition),  and  finally  becoming  again  distinct,  but 
now  arranged  in  pairs  (gemini)  which  later  take  various  forms,  such  as 
double  rods,  loops,  or  rings  as  in  heterotypical  mitosis,  but  without  forth- 
with proceeding  to  nuclear  division. 

The  protoplasm  of  the  cell  divides  soon  after  the  formation  of  tbe 
diaster  (fig.  14,  m).    During  division  fine  lines  are  seen  in  the  proto- 

'  "  Maiotic  division  "  or  "  maiosis  "  of  Farmer,  Moore  and  Walker. 
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plasm,  radiating  Jrom  the  centrosomes  at  the  poles  o(  the  nucleus, 
whilst  other  lines  form  a  apindle-ahaped  system  of  cukrimatic]  fibres 


Fta.    18.— DUOBAH 


within   the   nucleus,    diverging  from   the  poles  towards  the  equator 
(fig.  18).     These  are  usually  less  easily  seen  than  the  r^roma^  fibres 
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or  cbromosomos  already  described,  but  are  not  less  important,  for 
they  are  derived  from  the  attraction-spherea.  These,  with  their 
centrosomea,  as  we  have  seen,  always  initiate  the  division  of  the 
cell ;  indeed  they  are  often  found  divided  in  the  apparently  resting 
nucleus,  the  two  particles  being  united  by  a  small  system  of  fibres 
forming  a  minute  spindle  at  one  side  of  the  nucleus  (fig.  1).  When 
mitosis  is  about  to  take  place  this  spindle  enlarges,  and  as  the 
changes  in   the  chromatin  of  the  nucleus  which   have  been  above 


Fig.  19.— Thkhk  a 


described  occur — which  changes  involve  the  disappearance  of  the 
nuclear  membrane — the  spindle  gradually  passes  into  the  middle  of 
the  mitotic  nucleus,  with  the  two  poles  of  the  spindle  at  the  poles  of 
the  nucleus,  and  with  the  fibres  of  the  spindle  therefore  completely 
traversing  the  nucleus  (fig.  18).  The  spindle-fibres  appear  to  form 
directing  lines,  along  which  the  chromosomes  pass,  after  the  cleavage, 
towards  the  nuclear  poles  to  form  the  daughter  nuclei. 

In  some  cells,  especially  in  plants,  the  line  of  division  of  the  proto- 
plasm of  the  cell  becomes  marked  out  by  thickenings  upon  the  fibres 
of  the  spindle  which  occur  just  in  the  plane  of  subsequent  division, 
and  have  been  termed  collectively  the  celt-ptale  (fig.  20).  But  in 
most  animal  cells  no  cell-plate  is  formed,  the  protoplasm  simply 
becoming    constricted    into    two    parts    midway    between    the    two 
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daughter  nuclei.  Each  daughter  cell  so  formed  retains  one  of  the 
two  attraction-particles  of  the  spindle  as  its  centroBome,  and  when 
the  daughter  cells  are  in  their  turn  again  about  to  divide  this  centro- 
some  divides  iirst  and  forma  a  new  spindle,  and  the  whole  process 
goes  on  as  before. 


Barely  the  division  of  a  nucleus  is  into  three 
two.  In  such  caaaa  the  centrosonie  becomes  uorrei 
the  achromatic  system  of  fibres  takes  a  ni 

DiTision  of  the  Ovum.— Usually  the  two  daughter  cells  are   of 
4qual  size ;  but  there  ia  a  notable  exception  in  the  case  of  the  ovum, 
which,  prior  to  fertOisation,  divides  twice  (by  hetero-  and  homotypical 
mitosis  respectively)  into  two  very  unequal  parts,  the  larger  of  which 
letaina  the  designation   of  ovum,  while   the  two  small   parts  which 
detached    from   it   are   known   as   the  polar   bodies  (fig.   22). 
Further,  in  the  formation  of  the  second  polar  body  a  reductimi-division 
I  occurs,    and    the   nucleus    of   the    ovum,    after   the   polar 
extruded,  contains  only  one  half  the  number  of  ehronioaomes   that 
it  had  previously  {e.g.  twelve  in  place  of  the  nonnal  twenty-four  in 
man,  and  two  instead  of  four  in  Ascaris  megalocephala  (var.  bivalens), 
22,    C).     Should  fertilisation  supervene   the   chromosomes  which 
lacking  are_  supplied  by  the  male  element  (sperm-cell),  the  nucleus 
of  which  has  also  undergone,  in  the  final  cell-division  by  which  it  was 
iduced,  the  process  of  reduction  in  the  number  of  chromosomes  to 
half  the  normiil   number.     The   two   reduced  nuclei — which  are 
irmed  respectively  from  the  remainder  of  the  nucleus  of  the  oocyte 
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or  cbromosomoa  already  described,  but  are  not  leaa  important,  for 
they  are  derived  from  the  attraction-spheres.  These,  with  their 
centrosomeB,  as  we  have  seen,  always  initiate  the  division  of  the 
cell ;  indeed  they  are  often  found  divided  in  the  apparently  resting 
nucleus,  the  two  particles  being  united  by  a  small  system  of  fibres 
forming  a  minute  spindle  at  one  aide  of  the  nucleus  (fig.  1).  When 
mitosis  is  about  to  take  place  this  spindle  enlarges,  and  as  the 
changes  in  the  chromatin  of  the   nucleus  which   have  been  above 


Fio.  la— Thbeb 

Of  g«m1iul  condltlau  ot  cbroi 

described  occur — which  changes  involve  the  diBappearance  of  the 
nuclear  membrane — the  spindle  gradually  passes  into  the  middle  of 
the  mitotic  nucleus,  with  the  two  poles  of  the  spindle  at  the  poles  of 
the  nucleus,  and  with  the  fibres  of  the  spindle  therefore  completely 
traversing  the  nucleus  (fig.  IS).  The  spindle-fibres  appear  to  form 
directing  lines,  along  which  the  chromosomes  pass,  after  the  cleavage, 
towards  the  nuclear  poles  to  form  the  daughter  nuclei. 

In  some  cells,  especially  in  plants,  the  line  of  division  of  the  proto- 
plasm of  the  cell  becomes  marked  out  by  thickenings  upon  the  fibres 
of  the  spindle  which  occur  just  in  the  plane  of  subsequent  division, 
and  have  been  termed  collectively  the  cell-plate  (fig.  20).  But  in 
most  animal  cells  no  cell-plate  is  formed,  the  protoplasm  simply 
becoming    constricted    into    two    parte    midway    between    the    two 
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daughter  nuclei.  Each  daughter  cell  so  formed  rataina  one  of  the 
two  attraotion-particles  of  the  apindle  ae  its  eentroaome,  and  when 
the  daughter  cells  are  in  their  turn  again  about  to  divide  this  centro- 
some  divides  first  anji  forms  a  new  spindle,  and  the  whole  process 
coes  on  as  before. 


(Gnrwitach,  after  Zii 


Fia.  21.— DlVUirNG 
The  particle 


iellorepreMntsaruillQieuUry  call-platB. 


or  more  parts  instead  of 

SondiDglf  multiplied  and 
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Barel;  the  diviaiou  of  a  nudeus  is  into  thre 
two.  Ill  auch  cases  the  ceutrosonie  becomea  uorr 
the  achromatic  system  of  fibres  takes  a  more  coi 
■piiidle. 

DiTision  of  the  Ovum. — Usually  the  two  daughter  cella  are  of 
equal  size ;  but  there  is  a  notable  exception  in  the  case  of  the  ovum, 
which,  prior  to  fertilisation,  divides  twice  (by  hetcro-  and  homotypical 
mitoaia  respectively)  into  two  very  unequal  parts,  the  larger  of  which 
retains  the  designation  of  ovum,  while  the  two  araail  parts  which 
become  detached  from  it  are  known  as  the  polar  bodies  (fig.  22). 
Further,  in  the  formation  of  the  second  polar  body  a  reducHon-division 
■occurs,  and  the  nucleus  of  the  ovum,  after  the  polar  bodies  are 
-extruded,  contains  only  one  half  the  number  of  chromosomes  that 
it  had  previously  (e.g.  twelve  in  place  of  the  normal  twenty-four  in 
man,  and  two  instead  of  four  in  Ascaris  megalocephaU  (var.  bivalena), 
fig.  22,  C).  Should  fertilisation  supervene  the  chromosomes  which 
are  lacking  are  supplied  by  the  male  element  (sperm-cell),  the  nucleua 
of  which  has  also  undergone,  in  the  final  cell-division  by  which  it  was 
produced,  the  process  of  reduction  in  the  number  of  ehromosomea  to 
one  half  the  normal  number.  The  two  reduced  nuclei— which  are 
formed  respectively  from  the  remainder  of  the  nucleus  of  the  oocyte 


%Arr 
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or  chromosomos  already  described,  but  are  not  less  important,  for 
they  are  derived  from  the  attraction-Bpheree.  These,  with  their 
centrosomes,  as  we  have  seen,  always  initiate  the  division  of  the 
cell ;  indeed  they  are  often  found  divided  in  the  apparently  resting 
nucleus,  the  two  particles  being  united  by  a  small  system  of  fibres 
forming  a  minute  spindle  at  one  side  of  the  nucleus  (fig.  1).  When 
mitosis  is  about  to  take  place  this  spindle  enlarges,  and  as  the 
changes  in  the  chromatin  of  the  nucleus  which   have  been  above 


FiQ.  19.— Three 


c,  separation  d[  UUsdt  into  tbe  dupfex  cbroniosomsa  of  tbc  duughter  ouclet. 

described  occur — which  changes  involve  the  disappearance  of  the 
nuclear  membrane — the  spindle  gradually  passes  into  the  middle  of 
the  mitotic  nucleus,  with  the  two  poles  of  the  spindle  at  the  poles  of 
the  nucleus,  and  with  the  fibres  of  the  spindle  therefore  completely 
traversing  the  nucleus  (fig.  18).  The  spindle-fibres  appear  to  form 
directing  lines,  along  which  the  chromosomes  pass,  after  the  cleavage, 
towards  the  nuclear  poles  to  form  the  daughter  nuclei. 

In  some  cells,  especially  in  plants,  the  line  of  division  of  the  proto- 
plasm of  the  cell  becomes  marked  out  by  thickenings  upon  the  fibres 
of  the  spindle  which  occur  just  in  the  plane  of  subsequent  division, 
and  have  been  termed  collectively  the  cell-plate  (fig.  20).  But  in 
most  animal  cells  no  cell-plate  is  formed,  the  protoplasm  simply 
becoming    constricted    into    two    parts    midway    between    the    two 


Bareljr  the  division  of  a  nucleus  ia  into  three  a 
(wo.    Ill  such  coaes  the  centroaonie  becumea  u 
the  achromatic  aj'steni  of  fibres  tukoit  a  more  complej 
spiudte. 

XMviaion  of  the  Ovum.— Usually  the  two  daughter  cells  i 
equal  size;  but  there  ia  a  notable  exteptim  in  the  case  of  the  u 
which,  prior  to  fertiliBiition,  divides  twice  (by  heteio  and  homoiypical 
mitosis  respectively)  into  two  very  unequal  parts  the  larj^er  ol  which 
retains  the  designation  of  ovum,  while  the  twa  small  parts  which 
detacbeil  from  it  are  known  aa  the  prlar  lodie,  (hg  22), 
Further,  in  the  formation  of  the  second  polar  body  a  rtdudiou-divtnon 
■occurs,  and  the  nucleus  of  the  ovum  aftor  the  polar  bodies  are 
■  extruded,  contains  only  one  half  the  number  of  chromosomes  that 
it  had  previously  (e.g.  twelve  in  place  of  the  normal  twenty  four  in 
;man,  and  two  instead  of  four  in  Ascaris  megalocephaU  (;ar  bi\alens), 
■fig.  22,  C).  Should  fertilisation  supervene  the  chromosomes  which 
iare  lacking  are^siipplied  by  the  male  element  (sperm-cell),  the  nucleus 
of  which  has  also  undergone,  in  the  final  cell-division  by  which  it  was 
produced,  the  process  of  reduction  in  the  number  of  chromosomes  to 
one  half  the  normal  number.  The  two  reduced  nuclei — which  are 
respectively  from  the  remainder  of  the  nucleus  of  the  oocyte 
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(ovum)  &fler  extrusion  of  the  polar  bodies,  and  from  the  bead  <^ 
the  epennatozoon,  which  contaiDS  the  nucleus  of  the  sperm-cell — are 
known  (within  the  ovum)  as  the  sperm  and  germ  hucZm  or  the  maU  and 


DITISION  OF  THE  OVUM. 

fimiak pronuclei.     When  theae  blend,  the  ovum  again  contains  a  nucleus 
ritfa  thn  number  of  chromosomes  normal  to  the  apecicB  (lig.  24,  E). 


Fia.  24.— Fkbtili. 
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When  it  divides  after  fertilisation  each  daughter  cell  is  found  to 
contain  the  normal  or  somatic  number  of  chromosomes,  derived  from 
the  splitting  of  both  male  and  female  elements,  half  the  number 
from  the  one  and  half  from  the  other. 


Formation  of  the  tiaBuea. — It  appears  to  be  established  beyond 
doubt   that   new  cells   can    only  be   formed   from    pre-existing   cells. 


FlO.   2fi.— FOBMATION 
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In  the  early  embryo  the  whole  body  is  an  agglomeration  of  cells. 
These  have  all  been  formed  from  the  ovum  or  egg-cell  (fig.  25),  which, 
after  fertilisation,  divides  first  into  two  cells,  these  again  into  two, 
and  so  on  until  a  large  number  of  cells  (embryonic  cells)  are  pro- 
duced. These  form  at  first  an  outer  clear  stratum  lying  at  the 
surface  (fig.  26  sz)  and  a  darker  granular  mass  attached  to  this 
layer  at  one  part,  but  elsewhere  separated  from  it  by  clear  fluid. 
Eventually  the  cells  of  the  inner  mass  arrange  themselves  in  the 
form  of  a  membrane  (blastoderm)  which  is  composed  of  three  layers. 
These  layers  are  known  respectively  as  the  ectoderm,  mesoderm,  and 
entoderm.  The  ectoderm  gives  rise  to  most  of  the  epithelial  tissues 
and  to  the  tissues  of  the  nervous  system;  the  entoderm  to  the 
epithelium  of  the  alimentary  canal  (except  the  mouth),  and  the  glands 
in  connection  with  it;  and  the  mesoderm  to  the  connective  and 
muscular  tissues. 


a^ac. 


Fig.  27.— Skction  of  blastoderm  showing  the  commencing  formation  of 

THE.  MESODERM.     (Kolliker.) 

ep,  ectoderm  ;  hy,  entoderm  ;  me,  mesoderm ;  ax,  axial  part  of  ectoderm  with  cells  under- 
going  division  (k).    The  mesoderm  is  growing  from  this  part. 


The  tissues  are  formed  either  by  changes  which  occur  in  the  inter- 
cellular substance,  or  by  changes  in  the  cells  themselves ;  frequently 
by  both  these  processes  combined  amongst  the  cells  which  are  least 
altered  from  their  embryonic  condition  are  the  white  corpuscles  of  the 
blood,  and  these  may  be  regarded  therefore  as  typical  animal  cells. 

The  histogenetical  relation  between  the  three  layers  of  the  blasto- 
derm  and  the  several  tissues  and  organs  of  the  body  is  exhibited  in  the 
following  table : — 

^The  epithelium  of  the  skin  or  epidermis,  and  its  appendages,  viz.,  the  hairs,  nails, 

sebaceous  and  sweat  glands,  and  mammary  glands. 
The  epithelium  of  the  mouth,  and  the  epithelium  of  the  anus  and  anal  canaL 
The  salivary  and  other  glauds  which  open  into  the  mouth.    The  enamel  of  the 

teeth.    The  gustatory  organs. 
The  epithelium  of  the  lower  part  of  the  urethra  and  vagina. 
The  epithelium  of  the  nasal  passages,  and  of  the  cavities  and  glands  which  open 
Ectoderm  -l        into  them. 

The  epithelium  covering  the  front  of  the  eye.    The  crystalline  lens.    The  retina. 
The  epithelium  lining  the  membranous  labyrinth  of  the  ear.     The  epi^elium 

lining  the  external  auditory  meatus. 
The  epithelium  lining  the  central  canal  of  the  spinal  cord,  the  aqueduct  of  Sylvius, 

and  the  fourth,  third,  and  latoi-al  ventricles  of  the  brain. 
The  tissues  of  the  nervous  system. 
^The  pituitary  body.    The  pineal  gland.    The  medulla  of  the  suprarenal  capsules. 


ORIGIN  OF  THE  TISSUES. 
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Mesoderm.   ■> 


fThe  connective  tissues. 

The  blood-  and  lymph-corpuscles. 

The  spleen  and  other  vascular  and  lymphatic  glands. 

The  epithelial  lining  of  the  heart,  blood-vessels,  lymphatics,  and  serous  mem- 
branes (endothelium). 

The  epithelium  of  the  uriniferous  tubules. 

The  epithelium  of  the  internal  generative  organs,  and  the  generative  products  in 
both  sexes. 

^The  muscular  tissues,  voluntary,  involuntary,  and  cardiac. 

''The  epithelium  of  the  alimentary  canal  (from  the  pharynx  to  the  lower  end  of 
tiie  rectum)  and  of  all  the  glands  which  open  into  it  (including  the  liver  and 
pancreas). 

The  epithelium  of  the  Eustachian  tube  and  cavity  of  the  tympanum. 

The  epithelium  of  the  larynx,  trachea,  and  bronchi,  and  of  eiil  their  ramifications. 
The  epithelium  of  the  pulmonary  alveoli. 

The  thyroid  body.    The  th3rmu8  gland. 

^The  epithelium  of  the  urinary  bladder  and  ureters,  and  of  part  of  the  urethra. 

"^  All  the  connective  tissues,  the  endothelium  (mesothelium)  of  the  vascular  system,  and  the 
vasculat*  and  lymphatic  glands  are  formed  from  a  special  part  of  the  mesoderm  termed  paraMast 
or  meienehyme,  which  consists  of  a  syncytium  of  branched  cells  with  a  homogeneous  intercellular 
matrix.  Plain  muscular  tissue  is  for  the  most  part  also  formed  from  mesenchyme,  but  in 
certain  situations,  as  in  the  sweat  glands  and  muscular  tissue  of  the  iris,  it  is  said  to  be  ecto- 
dermal  in  oria^. 


Entoderm.   " 
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or  chromoBomos  already  deBcribed,  but  are  not  less  importaDt,  for 
they  are  derived  from  the  attraction-spheres.  These,  with  their 
centroeomes,  as  we  have  Been,  always  initiate  the  division  of  the 
cell ;  indeed  they  are  often  found  divided  in  the  apparently  resting; 
nucleus,  the  two  particles  being  united  by  a  small  system  of  fibres 
forming  a  minute  spindle  at  one  side  of  the  nucleus  (fig.  1).  When 
mitosis  is  about  to  take  place  this  spindle  enlarges,  and  as  the 
changes  in  the  chromatin   of  the  nucleus  which   have  been  above 


Fio.  19.— Thbkk 

u,  gemlDBl  conditio 
c,  separation 

described  occur— which  changes  involve  the  disappearance  of  the 
nuclear  membrane — the  spindle  gradually  passes  into  the  middle  of 
the  mitotic  nucleus,  with  the  two  poles  of  the  spindle  at  the  poles  of 
the  nucleus,  and  with  the  fibres  of  the  spindle  therefore  completely 
traversing  the  nucleus  (fig.  18).  The  spindle-fibres  appear  to  form 
directing  lines,  along  which  the  chromosomes  pass,  after  the  cleavage, 
towards  the  nuclear  poles  to  form  the  daughter  nuclei. 

In  some  cells,  especially  in  plants,  the  line  of  division  of  the  proto- 
plasm of  the  cell  becomes  marked  out  by  thickenings  upon  the  fibres 
of  the  spindle  which  occur  just  in  the  plane  of  subsequent  division, 
and  have  been  termed  collectively  the  cell-plate  (fig.  20).  But  in 
most  animal  cells  no  cell-plate  is  formed,  the  protoplasm  simply 
becoming    constricted    into    two    [>arts    midway    between    the    two 


DIVISION  OF  CELLS. 

daughter  nuclei.  Each  daughter  cell  so  formed  retains  one  of  the 
two  attraction-particlea  of  the  spindle  as  its  centrosome,  and  when 
the  daughter  cells  are  in  their  turn  again  about  to  divide  this  centro- 
some dirides  first  an)i  forms  a  new  spindle,  and  the  whole  procesa 
goes  on  as  before. 


Fig.  21.— Dividinq  c 
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Rarely  the  divisioii  of  a  iiiicieua  is  into  three  or  more  parts  instead  of 

fo      III  euoh  coBCB  the  centroHome  becooiea  correspondingly  multiplied  and 

the  achrumatic  8)stem  of  dbres  takes  a,  more  complex  form  than  the  simple 

Division  of  the  Ovum — Usually  the  two  daughter  cells  are  of 
«qual  size  but  there  is  a  notable  exception  in  the  case  of  the  ovum, 
which,  pnoi  to  fertilia  ition  divides  twice  (by  hetero-  and  homotypical 
loitoBia  respectively)  into  two  a  ery  unequal  parts,  the  larger  of  which 
retains  the  designation  of  ovum,  while  the  two  small  parts  which 
become  detached  from  it  are  known  as  the  polar  bodies  (fig.  22). 
Further,  in  the  formation  of  the  second  polar  body  a  redw.liim-division 
Dccurs,  and  the  nucleus  of  the  ovum,  after  the  polar  bodies  are 
sxbruded,  contains  only  one  half  the  number  of  chromosomes  that 
it  bad  previously  {e.//.  twelve  in  place  of  the  noi'ma!  twenty-four  in 
L,  and  two  instead  of  four  in  Ascaris  raegalocephala  (var,  bivalens), 
fig.  22,  C).  Should  fertilisation  supervene  the  chromosomes  which 
re  lacking  are  supplied  by  the  male  element  (sperm-cell),  the  nucleua 
f  which  has  also  undergone,  in  the  final  cell-division  by  which  it  was 
produced,  the  process  of  reduction  in  the  number  of  chromosomes  to 
One  half  the  normal  number.  The  two  reduced  nuelei^which  are 
formed  respectively  from  the  remainder  of  the  nucleus  of  the  oocyte 


//I;Vr 


K, 

.     «^; 

,,„*,w*i.^(«»<««>iijijfiH*M'!;'(jj!i 

^ 

Fig.  29.— Objepts  fbsucbstli  phkbknt  is  michobco 

luould  (AeporgtUoa  gtaueus):  B,  linen  flbraa;  B,  cottuu  fl 
MBpiified  about  SSOdlatuBUr;       '                     '      ' 

1 

mni;'  r,  wobi;   S,  Wir, 
sad  aporei  (R  uibtUit). 

^^^^^ 

^^1 

^^^^^^^^^^^H 

MICROSCOPICAL  EXAMINATION  OF  COMMON  OBJECTS.     27 

considerably  in  size ;  under  the  high  power  they  are  clear,  flat,  ovoid 
particles  (fig.  29,  1),  with  a  sharp  outline  when  exactly  focussed.  Notice 
the  change  in  appearance  of  the  outline  as  the  microscope  is  focussed  up 
and  down.  On  close  examination  fine  concentric  lines  are  to  be  seen  in  the 
gmnules  arranged  around  a  minute  spot  which  is  generally  placed  eccen- 
trically near  the  smaller  end  of  the  granule.  Sketch  two  or  three  starch 
granules. 

Notice  the  appearance  of  air-bubbles  in  the  water.  If  comparatively 
large  they  are  clear  in  the  middle,  with  a  broad  dark  border  due  to 
refraction  of  the  light ;  if  small  they  may  look  entirely  dark. 

2.  Examine  some  yeast  which  has  been  grown  in  solution  of  sugar. 
Observe  the  yeast-particles  or  torulse,  some  of  them  budding.  Each  torula 
contains  a  clear  vacuole,  and  has  a  well-defined  outline,  due  to  a  membrane. 
Sketch  two  or  three  torulse. 

3.  Examine  some  mould  in  water.  Notice  the  long  branching  filaments 
(hyphae),  and  also  the  torula-like  particles  (spores)  from  which  hyphse  may  in 
some  instances  be  seen  sprouting.     Sketch  part  of  a  hypha. 

4.  Examine  fibres  of  linen  and  of  cotton  in  water,  using  a  high  power. 
Compare  the  well-defined,  rounded,  relatively  straight  or  but  slightly 
twisted  linen,  with  the  longer,  broader  but  thinner,  and  more  twisted 
cotton  fibres.     Sketch  one  of  each  kind. 

5.  Mount  one  or  two  hairs  from  the  head  in  water  and  look  at  them  first 
with  the  low,  then  with  the  high  power.  Examine  also  fibres  from  any 
woollen  material  and  compare  them  with  the  hairs.  They  have  the  same 
structure,  although  the  wool  is  finer  and  is  curled ;  its  structure  may  be 
obscured  by  the  dye.     Draw  one  or  two  of  each. 

6.  Examine  a  drop  of  hay  infusion,  which  has  been  standing  a  day  or  two, 
for  bacteria  and  other  putrefactive  organisms.  The  active  movements  which 
these  exhibit  are  due  to  minute  cilia  or  flagella,  which  can  only  be  made 
visible  by  special  staining  methods  and  a  very  high  magnifying  power.  Any 
minute  inactive  particles,  organic  or  inorganic,  which  occur  in  this  or  other 
fluids  may  be  seen  to  exhibit  a  peculiar  tremulous  dancing  movement  which 
is  known  as  the  *  Brownian '  movement. 

7.  Examine  some  dust  of  the  room  in  water  with  a  high  power.  In 
addition  to  groups  of  black  particles  of  carbon  (soot)  there  will  probably 
be  seen  fibres  of  linen,  cotton,  or  wool,  and  shed  epithelium-cells  derived 
from  the  epidermis. 
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LESSONS  II.  AND  III. 

STUDY  OF  THE  HUMAN  BLOOD-CORPUSCLES. 

1.  Having  cleaned  a  slide  and  cover-glass,  prick  the  finger  above  the  nail 
and  mount  a  small  drop  of  blood  quickly,  so  that  it  has  time  neither  to  dry 
nor  to  coagulate.     Examine  it  at  once  with  the  high  power. 

Note  (a)  the  coloured  corpuscles  mostly  in  rouleaux  and  clumps,  but  some 
lying  apart  seen  flat  or  in  profile  ;  (6)  the  colourless  corpuscles,  easily  made 
out  if  the  cover-glass  is  touched  by  a  needle,  on  account  of  their  tendency  to 
stick  to  the  glass,  whilst  the  coloured  corpuscles  are  driven  past  by  the 
currents  set  up ;  (c)  in  the  clear  spaces,  nbrin-filaments  and  elementary 
particles  or  blood-platelets. 

Sketch  a  roll  of  coloured  corpuscles  and  one  or  two  colourless  corpuscles. 
Count  the  number  of  colourless  corpuscles  in  a  field  of  the  microscope. 

2.  To  be  made  as  in  §  1,  but  the  drop  of  blood  is  to  be  mixed  upon  the  slide 
with  an  equal  amount  of  isotonic  saline  solution,  so  that  the  red  corpuscles 
tend  to  be  less  massed  together,  and  their  peculiar  shape  is  better  displayed. 

Sketch  a  red  corpuscle  seen  on  the  flat  and  another  in  profile  or  Optical 
section).     Also  a  crenated  corpuscle. 

Measure  ten  red  corpuscles,  and  from  the  results  ascertain  the  average 
diameter  of  a  corpuscle.  Measure  also  the  largest  and  the  smallest  you  can 
find. 

3.  Make  a  preparation  of  blood  as  in  §  1  and  put  it  aside  to  coagulate. 
Keep  the  edges  from  drying  by  placing  it  in  a  moist  chamber  or  by  occasion- 
ally oreathing  upon  it.  -Aiter  a  few  minutes  place  a  drop  of  1  p.c.  methyl 
violet  at  one  edge  of  the  cover  and  allow  this  to  pass  in  and  mix  with  the 
blood  ;  it  may  be  drawn  through  the  preparation  by  applying  a  small  piece 
of  blotting  paper  to  the  opposite  edge.  The  dye  stains  the  nuclei  of  the 
white  corpuscles,  the  blood-platelets,  the  network  of  fibrin-filaments,  and 
the  membranes  of  the  red  blood-corpuscles. 

The  three  preparations  just  described  cannot  be  kept,  but  the  two  follow- 
ing will  serve  as  permanent  preparations  of  blood  : — 

4.  To  fix  and  stain  the  coloured  corpuscles  : — Place  upon  a  slide  a  drop  of 
1  p.c.  osmic  acid  mixed  with  an  equal  amount  of  saturated  aqueous  solution 
of  eosin.  Prick  the  finger,  and  mix  the  blood  directly  with  the  coloured 
fluid,  stirring  them  together  with  a  needle.  Cover  the  mixture  and  put 
aside  for  an  hour,  protected  from  evaporation ;  then  place  a  drop  of  glycerine 
and  water  at  the  edge  of  the  cover-glass.  When  this  has  passed  under  fix 
the  cover-glass  with  gold  size. 

5.  To  study  the  granules  of  the  colourless  corpuscles  and  their  different 
reactions  to  staining  reagents,  a  film  of  blood  is  inclosed  between  two  cover- 
glasses,  which  are  at  once  separated  and  the  film  on  each  quickly  dried  in  the 
air.  A  slide  may  be  used  instead  of  a  cover-glass ;  the  drop  of  blood  is  placed 
close  to  the  ground  edge  of  one  slide  and  this  is  drawn  evenly  over  the 
middle  of  another.  The  films  are  fixed  by  immersion  for  one  hour  or  more 
in  a  mixture  of  alcohol  and  ether,  equal  parts  of  each.  They  are  then  stained 
by  (1)  a  saturated  solution  of  eosin  in  75  p.c.  alcohol  (three  minutes),  after 
which  they  are  rinsed  with  water,  and  are  then  treated  with  (2)  a  1  p.c. 
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solution  of  methylene  blue  (one  minute).    The  film  is  again  rinsed  with 
water,  rapidly  dried,  and  mounted  in  xylol  balsam  or  dammar.^ 

6.  Mount  in  xylol  balsam  or  dammar  sections  of  marrow  from  a  long 
bone  of  a  rabbit  fixed  with  mercuric  chloride  or  formol  and  stained  with 
eosin  and  methylene  blue.  Observe  the  fat-cells,  the  supporting  reticular 
tissue,  the  proper  marrow-cells  in  this  tissue,  the  myeloplaxes  and  the 
erythroblasts. 

7.  Tease  in  salt  solution  or  serum  some  of  the  red  marrow  from  the  rib  of 
a  recently  killed  animal.  Observe  and  sketch  the  proper  marrow  cells  and 
look  for  myeloplaxes  and  nucleated  coloured  blood-corpuscles  (erythroblasts). 

8.  Make  a  film  preparation  of  red  marrow  by  smearing  a  little  upon  a 
cover-gl^ws  or  slide,  allowing  it  to  dry  quickly,  and  placing  it  in  a  mixture  of 
equal  parts  of  ether  and  alcohol.  After  an  hour  or  more  in  this,  the  prepara- 
tion may  be  stained  with  eosin  and  methylene  blue  in  exactly  the  same  way 
as  a  film  preparation  of  blood  (see  §  6),  and  mounted  in  xylol  balsam  or 
dammar. 

9.  Enumeration  of  the  blood-corpuscles.  This  is  done  by  some  form  of 
blood-counter  such  as  the  hsemacytometer  of  Gowers,  or  the  similar  apparatus 
of  Thoma.  This  instrument  consists  of  a  glass  slide  (fig.  30),  the  centre  of 
which  is  ruled  into  ^  millimeter  squares  and  surrounded  by  a  glass  ring 
ji\y  mm.  thick  (in  Gowers'  instrument,  the  ruling  is  into  ^  mm.  squares  with 
a  ring  ^  mm.  thick).  There  must  also  be  provided  a  pipette  (fig.  31,  a)  for 
measuring  the  blood,  constructed  to  hold  about  5  cubic  millimeters  of  fluid  ;  a 
dropper  (fig.  31,  6)  to  deliver  the  diluting  solution;  a  small  cylindrical  mixing 
glass,  not  shown  in  the  figure,  with  a  mark  indicating  100  times  the  capacity  of 
the  blood  pipette  ;  a  small  glass  stirrer,  and  a  guarded  needle.  The  diluting 
solution  may  either  be  that  of  Hayem,  viz.  distilled  water  200  cc,  sulphate 
of  soda  5  grms.,  common  salt  1  grm.,  corrosive  sublimate  0'5  grm.,  or  that  of 
Marcano,  viz.  97  cc.  of  a  solution  of  sulphate  of  soda  in  distilled  water  of  sp. 
gr.  1020,  to  which  is  added  chloride  of  sodium  1  grm.,  and  formol  3  cc. 
A  little  of  the  diluting  solution  is  put  in  the  mixing  vessel,  the  finger  i& 
pricked,  and  the  pipette  filled  exactly  with  blood  (by  capillarity).  The  olood 
IS  then  washed  out  of  it  with  diluting  solution,  by  aid  of  the  dropper,  into  the 
mixing  vessel,  which  is  now  filled  up  to  the  100  mark  with  diluting  solution^ 
and  the  blood  and  this  are  thoroughly  mixed.  A  drop  of  the  mixture  is  next 
placed  in  the  centre  of  the  cell,  the  cover-glass  is  gently  laid  on  (so  as  to 
touch  the  drop,  which  thus  forms  a  layer  ^  mm.  thick  between  the  slide 
and  cover-glass),  and  pressed  down  by  two  brass  springs.  In  a  few  minutes 
the  corpuscles  have  sunk  to  the  bottom  of  the  layer  of  fluid  and  rest  on  the 
squares.  The  number  in  ten  squares  is  then  counted,  and  this,  multiplied 
by  100,  gives  the  number  in  a  cubic  millimeter  of  the  mixture,  or  if  again 
multiplied  by  100  (the  amount  of  dilution)  the  number  in  a  cubic  millimeter 
of  blood. 

For  the  enumeration  of  the  white  corpuscles  the  blood  is  diluted  only  10 
times  instead  of  100  times.  It  is  also  convenient  to  use  one  half  per  cent, 
solution  of  acetic  acid  just  coloured  with  methyl  violet  as  a  diluent  (Thoma). 
This  destroys  the  coloured  corpuscles  and  stains  the  nuclei  of  the  white. 

A  rapid  method  of  estimating  the  number  of  coloured  corpuscles  is  that 
devised  by  G.  Oliver.  The  blood  is  taken  up  as  before  in  a  capillary  pipette 
(fig.  31,  a),  and  is  washed  out  of  this  with  Hay  em's  fluid  by  the  dropper,  6, 
into  a  flattened  graduated  glass  mixer,  c,  the  diluent  being  added  until  the 
flame  of  a  small  wax  candle  in  a  dark  room  will  just  show  sharply  through 
the  mixture,  when  the  vessel  is  held  close  to  the  eye  and  about  ten  feet  from 
the  candle  and  so  that  the  light  traverses  the  greater  thickness  of  fluid.    The 

^  Other  stains,  such  as  Ehrlich's  tri-acid  and  the  Ehrlich-Biondi,  may  also  be 
employed  for  films. 


STUDY  OF  THE  HUMAN    BLOOD-CORPUSCLES. 

gradaationH  are  so  arranged  that  Cor  normal  blood  (5,000,000  corpuscles  per 
cub.  mm-X  the  mixture  wQl  now  stand  exactly  at  the  100  mark  :  if  the  blood 
contain  more  or  fewei-  corpUBcles  than  uomial,  it  will  require  a  greater  or 
less  dilution  to  attain  the  requisite  ttanalucency,  and  tbe  mark  at  which  the 
mistul'G  then  stands  will  indicate  the  percentage  of  corpuscles 
with  the  normal. 

Another  rapid  method  of  estimating  the  relative  number  of  blood-cor- 
puscles is  to  determine  the  corpuscular  volume  in  a  known  amount  of.blood. 
This  ie  done  by  the  use  of  the  hsematocrit,  iu  which  the  blood,  suitably 
diluted,  is  centrifugalised  and  the  volume  of  corpuscles  read  off  on  a  scale. 


Tbe  coloured  blood-corpaBcleB. — The  coloui-ed  corpuBclfs  ar 
posed  of  a  delicate  colourless  highly  elastic  (!  protoplasmic)  e 
and  coloured  fluid  cimtenls,  consisting  mainly  of  a  solution  of  hiemoglobin. 
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Pbotogniph  magnified  fi50  diameters. 


The  existence  of  such  an  envelope  is  shown  by  the  osmotic  effect  of 
water  upon  the  corpuscle,  which  passing  in  through  the  envelope, 
distends,  and  eventually  bursts  the  corpuscle  and  sets  free  the  con- 
tents. The  description  which  is  current  in  many  text-booka  that 
the  red  corpuscles  consist  of  a  porous  solid  slivmi,  permeated  with 
dissolved  hamoglobin,  is  incompatible  with  this  and  similar  reactions. 
Moreover,  the  envelope  can  be  distinctly  seen  with  the  microscope, 
especially  in  the  amphibian  corpuscle,  and  con  be  stained  bj-  reagents. 
The  envelope  contains  lecithin  and  cholesterin  in  considerable  amount, 
and  these  substances  impart  a  ceitain  greaainess  to  the  surface  of 
It  is  in  all  probability  due  to  such  greaainess  that 
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the  corpuscles  run  together  into  rouleaux  when  the  blood  comes  to 
rest  (see  p.  43). 

Under  the  microscope  blood  is  seen  to  consist  of  a  clear  fluid 
(plasma),  in  which  are  suspended  the  bhod-corpmdes  (fig.  32).  The 
latter  are  of  two  kinds :  the  red  or  coloured  (erythrocytes),  which  are 
by  fap  the  most  numerous,  and  the  white,  pale,  or  colourless  (leucocytes). 
In  addition  to  these  more  obvious  corpuscles,  blood  contains  a 
variable  number  of  minute  particles  which  were  termed  by  Zimmer- 
mann  the  elementary  particles  of  the  blood,  but  which  are  now  more 
usually  known  as  the  blood-platelets  on  account  of  their  flattened  form. 

Erythrocytes. — When  seen  singly  the  coloured  corpuscles  are  not 
distinctly  red,  but  appear  of  a  reddish-yellow  tinge.  In  the  blood 
of  man  and  of  all  other  mammals,  excefpt  the  Camelidae,  they  are 
biconcave  circular  disks.  Their  central  part  usually  has  a  lightly 
shaded  aspect  under  a  moderately  high  power,  but  this  is  due  to  their 
biconcave  shape,  not  to  the  presence  of  a  nucleus.  They  have,  as  just 
stated,  a  strong  tendency  to  become  aggregated  into  rouleaux  and 
clumps  when  the  blood  is  at  rest,  but  if  it  is  disturbed  they  readily 
become  separated. 

If  the  density  of  the  plasma  is  increased  in  any  way,  as  by  evapora- 
tion, many  of  the  red  corpuscles  become  shrunken  and  crenated  by 
the  passage  of  water  out  of  the  corpuscle.  On  the  other  hand,  a 
diminution  in  the  density  of  the  plasma  tends  to  cause  the  red 
corpuscles  to  become  cup-shaped,  but  it  is  erroneous  to  describe  this  as 
the  normal  form  of  the  corpuscle. 

The  average  diameter  of  the  human  red  corpuscle  is  0*0075  milli- 
meter^  (about  ^^-^  inch),  but  a  few  will  always  be  found  somewhat 
larger  (00085)  and  a  few  somewhat  smaller  (0'0065  mm.).^ 

There  are  from  four  to  five  millions  of  coloured  corpuscles  in  a 
cubic  millimeter  of  blood. 

Leucocytes. — The  colourless  corpuscles  of  human  blood  are  proto- 
plasmic cells,  averaging  0*01  mm.  (^/qq  inch)  in  diameter  when 
spheroidal,  but  they  vary  much  in  size.  They  are  far  fewer  than 
the  coloured  corpuscles,  usually  numbering  not  more  than  eight  to 
ten  thousand  in  a  cubic  millimeter  (about  1  to  600  red  corpuscles). 
Moreover,  they  are  specifically  lighter,  and  tend  to  come  to  the 
surface  of  the  preparation.  If  examined  immediately  the  blood  is 
drawn,  they  are  spherical  in  shape,  but  soon  become  flattened  and 

^Also  expressed  as  7  "5  /jl  or  micromillimeters ;  a  micromillimeter  being  y^jf 
millimeter. 

2  The  following  list  gives  the  diameter  in  parts  of  a  millimeter  of  the  red  blood- 
corpuscles  of  some  of  the  common  domestic  animals : — Bog,  0*0073 ;  rabbit, 
0-0069;  cat,  0*0065;  goat,  00041. 
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then  irregular  in  form  (fig.  33),  and  their  outline  continually  alters, 
owing  to  the  amoeba-like  changes  to  which  they  are  subject.  In  some 
kinds  (phagocytes)  the  protoplasm  tends  to  take  in  foreign  particles  with 
which  the  cells  come  in  contact ;  in  others  there  seems  to  be  little  or  no 
such  tendency.  Some  of  the  colourless  corpuscles  are  very  pale  and 
filled  with  fine  granules,  others  contain  coarser  and  more  distinct 
granules  in  their  protoplasm ;  others  again  have  a  hyaline  protoplasm 
without  any  apparent  granules.  In  some  corpuscles  (lymphocytes) 
the  protoplasm  forms  only  a  relatively  thin  coating  to  the  nucleus. 
The  corpuscles  are  classified  according  to  the  character  and  appearance 
of  the  nucleus  and  the  nature  and  staining  qualities  of  the  granules  in 

a  h 


Fig.  33. — Threb  amcebgid   white   corpuscles   of   the   newt,  killed   by 

instantaneous  application  of  steam. 

a,  eosinophil  cell ;  6,  c,  polymorphous  cells.    The  nuclei  appear  multiple,  but  are  seen  to 
be  connected  with  fine  filaments  of  nuclear  substance  traversing  the  protoplasm. 

the  protoplasm.  Thus  some  granules  are  readily  stained  by  basic  dyes 
such  as  methylene  blue,  and  such  granules  are  accordingly  termed 
basophil.  Distinct  coarse  basophil  granules  are,  however,  rare  in 
nornial  blood,  although  cells  with  these  granules  are  normally  present 
in  the  marrow  and  in  some  connective  tissues,  and  make  their  appear- 
ance in  the  blood  in  leucocythaemia.  On  the  other  hand,  some 
granules  more  readily  take  up  colour  from  acid  dyes,  such  as  eosin, 
and  these  have  been  termed  oxyphil  or  eosinophil.  Other  cells  possess 
granules  (amphophil)  which  are  stained  by  both  acid  and  basic  dyes ;  and 
others  chiefly  by  neutral  dyes  (neutrophil).  In  some  cells  more  than 
one  kind  of  granule  is  met  with.  The  protoplasm  may  also  contain 
clear  spaces  or  vacuoles.  Each  leucocyte  has  at  least  one  nucleus, 
which  is  difficult  to  see  in  a  fresh  preparation,  but  is  easily  seen 
after  the  action  of  most  reagents  and  after  staining.  There  is  also  a 
centrosome  with  attraction-sphere,  but  special  methods  of  staining  are 
necessary  to  exhibit  these.     (See  fig.  9,  p.  7.) 

The  following  are  the  chief  varieties  of  leucocytes  : — 1.  Polymorphs, 
Cells  with  lobed  or  multipartite  nuclei  and  a  relatively  large  amount  of 
protoplasm,  which  is  highly  amoeboid  (fig.  33,  ft  and  c).     These  are  often 

termed  multi-(poly-)nuclear,  but  the  nucleus  is  rarely  if  ever  multiple, 
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its  several  parts  being  nearly  always  joined  by  threads  of  nuclear 
substance. .  The  cells  in  question  vary  in  size,  but  when  spherical  are 
usually  not  quite  O'Ol  mm.  in  diameter.  Their  protoplasm  stains 
with  eosin,  this  being  due  to  the  presence  of  fine  oxyphil  granules 
(Kanthack  and  Hardy).  They  are  highly  amoeboid  and  phagocytic, 
and  constitute  from  sixty  to  seventy  per  cent,  of  all  the  leucocytes 
of  the  blood  (fig.  34,  a). 


a 
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Fig-  34.— Various  kinds  of  colourless  corpuscles,  showing  the  different 
CHARACTERS  OF  THE  GRANULES.  (From  a  film  preparation  of  normal  human 
blood.)    Two  of  each  kind  are  represented. 


2.  Lymphocytes. — These  are  small  cells,  with  a  very  limited 
amount  of  clear  protoplasm  around  the  nucleus,  which  is  simple, 
not  lobed  or  divided  (fig.  34,  b).  The  amoeboid  phenomena  are 
less  marked  in  them  than  in  the  other  varieties  of  leucocytes. 
The  protoplasm  stains  with  methylene  blue.  They  are  about  0-0065 
mm.  in  diameter,  but  some  are  larger  and  appear  to  be  transitional 
between  this  and  the  next  variety.  They  constitute  from  fifteen  to 
thirty  per  cent,  of  the  total  number  of  leucocytes  in  the  blood.  They 
are  relatively  more  numerous  in  infancy. 

3.  Macrocytes. — Large  uninucleated  cells  similar  to  the  last,  but 
larger,  and  containing  much  more  protoplasm  (fig.  34,  c).  Some, 
however,  are  smaller  and  are  regarded  as  transitional  forms  from  the 
last  variety.  The  nucleus  may  be  spherical,  oval,  or  kidney-shaped. 
The  protoplasm  is  hyaline;  it  stains  slightly  with  methylene  blue, 
perhaps  owing  to  very  fine  basophil  granules.  These  cells  are  highly 
amoeboid  and  phagocytic.  Including  the  transitional  forms,  they 
constitute  about  five  per  cent,  of  all  the  leucocytes  in  blood. 

4.  Eosinophils. — These  are  characterised  by  their  coarse  granules, 
which  stain  deeply  with  acid  dyes,  such   as   eosin.     Their  average 
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diameter  iu  the  sphericii!  condition  is  O'Ol  ram.  The  nucleus  may  be 
simple  or  lobed  (fig.  3i,  d ;  fig.  33,  a).  They  are  ani<eboid,  but  leas 
actively  so  than  the  finely  granular  cells.  They  are  more  variable  in 
number  than  the  other  varieties,  constituting  somutimea  not  more  than 
one  per  cent.,  and  at  other  times  aa  much  as  ten  per  cent,  of  the 
total  leucocytes  of  blood. 

Basophils. — These  are  rarely  if  ever  found  in  normal  blood  (adult), 
>ccur  in  children  and  in  certain  pathological  conditions  affecting 
the  bone  marrow. 

Blood-platelets. — In  the  clear  fluid  in  which  the  blood-corpuBcles  are 
■uspended,  a  network  of  fine  straight   intercrossing  filaments  (fibrin) 
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4D0n  makes  its  appearance  (fig.  35).  These  often  seem  to  radiate  from 
minute  round  colourless  discoid  particles  less  than  one-third  the  diameter 
of  a  red  corpuscle,  either  separate  or  collected  into  groups  or  masses, 
of  variable,  sometimes  of  considerable,  size.  These  are  the  elementary 
farlicUs,  hhnyl-phdrlet-i,  or  Ikromboci/les      In  the  blood-vessels 
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discrete  but  immediately  clump  together  in  drawn  blood  (fig.  37). 
If,  however,  the  blood  is  examined  on  agar  jelly  containing  certain  salts 
in  definite  proportions,  the  platelets  can  be  kept  separate,  and  may 
then  be  submitted  to  very  high  powers  of  the  microscope.  The  result 
of  such  examination  seems  to  show  that  the  blood-platelets  are  not 
mere  inert  particles,  as  has  generally  been  supposed,  but  that  they  are 
protoplasmic  and  amceboid,  and  that  each  one  contains  a  nucleus 
(fig.  38),  that  they  are  in  fact  minute  cells  (Deetjen).  Blood  platelets 
vary  greatly  in  number :  they  are  estimated  by  Brodie  and  Russell  to 
amount  to  from  5  millions  to  45  millions  in  the  cubic  centimeter  of  blood. 
Fatty  particles,  derived  from  the  chyle,  may  also  occur  in  the 
plasma. 


Fig.  39. — Development  op  blood-vessels  and  blood-corpuscles   in  the 

vascular  area  op  the  guinea-pig. 

M,  blood-Gorpuscles  becomiug  free  in  the  interior  of  a  nucleated  protoplasmic  mass. 

Development  of  red  blood-corpuscles. — In  the  embryo,  the  first-formed 
coloured  blood-corpuscles  are  amoeboid  nucleated  cells,  the  protoplasm 
of  which  contains  haemoglobin.  These  embryonic  blood-corpuscles  are 
developed  within  cells  of  the  mesoderm  (mesenchyme),  which  are 
united  with  one  another  to  form  a  syncytium  (fig.  39).  The  nuclei 
of  the  cells  multiply,  and  around  some  of  them  there  occurs  an 
aggregation  of  coloured  protoplasm.  Finally  the  network  becomes 
hollowed  out  by  an  accumulation  of  fluid  in  the  syncytial  protoplasm, 
and  thus  are  produced  a  number  of  capillary  blood-vessels,  within 
which  the  coloured  nucleated  portions  of  protoplasm  are  set  free 
as  embryonic  blood-corpuscles  (erythroblasts,  fig.  39,  bl).  Within  the 
circulation  these  multiply  by  mitotic  division,  and  thus  become 
rapidly  more  numerous. 

In  latet  embryonic  life,  nucleated  coloured  corpuscles  disappear  from 
mammalian  blood,  and  are  replaced  by  the  usual  discoid  corpuscles. 
Many  of  these  are  doubtless  derived  from   the  nucleated  embryonic 
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blood-celU,  the  absence  of  the  nucleus  being  accounted  for  either  by 
its  atrophy  or  extniaion  from  the  cell  or  by  the  separation  of  a  part 
of  the  coloured  cell-subatance.  The  foetal  liver  has  been  supposed  to 
be  one  of  the  places  of  formation  of  red  blood-corpuscles.  Erythrocytes 
are  also  formed  at  a  somewhat  later  stage  of  development  within 
certain  cells  of  the  connective  tissue  (vasofm-malive  ixUs),  a  portion  of 
the  substance  of  the  cell  becoming  coloured  by  hiemoglobin,  and 
separated  into  globular  particles  (fig.  40,  a,  b,  c),  which  are  gradually 
moulded  into  disk-shaped  red  corpuscles.      In  the  meantime  the  cells 
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become  hollowed  out,  and  join  with  similar  neighbouring  cells  to  form 
blood-vessels  (fig.  40,  d,  e,  /).  The  process  is  therefore  the  same  as  in 
the  early  embryo,  except  that  cell-nuclei  are  not  included  in  the 
hEeraoglobin-holding   protoplasm.' 

'It  htm  been  suggested  by  aonie  writers  tbat  the  vnaoforrnative  celU  con- 
taining coloured  curpuscleB  in  various  stages  of  formatiou  are  io  reality  portions 
of  KD  already  formed  vaseulur  network  which  la  undergoing  atrophy ;  and 
that  the  carpneoles  within  iuoh  cells  are  not  in  process  of  formation  but  of 
disappearance.  But  since  the  appearances  in  questjon  arti  Been  in  parts  in  which 
viwcuW  tissues  (such  oa  fab)  are  undergoing  not  atrophy  but  formatian  ;  and  since, 
moreover,  the  hiematoidin  crystals  and  pigment  granules  which  are  charauter- 
iatii:  of  the  disinlegration  of  erjthrDcjtes  within  cells  are  not  present,  it  seems 
more  reaBonable  to  interpret  the  eppearances  as  indicative  of  iutracellular  de- 
velopment of  blood  corpuscles  by  diilereutiation  of  part  of  the  protoplasm  of  the 
vasoformative  mesenoliyme  cell,  rather  than  a.  degeneration  of  already  formed 
blood -vesaels  and  blood -corpuscles. 
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Fonnation  in  Iwne-niarrow.— Although  no  nucleated  coloured  cor- 
puscles (erythroblasts)  are  as  a  rule  to  be  seen  in  the  blood  in  post- 
embryonic  life,  they  are  found  in  the  marrow  of  the  bones,  and 
in  some  animals  also  found  in  the  spleen.  They  vary  in  size,  most 
measuring  about  "007  mm.  (normoblasts),  but  some  being  considerably 
lai^er  (roegaloblastfi),  and  others  considerably  smaller  (microblaste). 
It  is  probable  that  the  red  disks  are  formed  from  these  nucleated  red 
corpuscles  of  the  marrow  by  the  nucleus  disappeating  and  the  coloured 
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protoplasm  becoming  moulded  into  a 
formation  of  blood -corpuscles  in  the  bone-marrow  begins  has  not  been 
ascertained,  but  after  it  has  commenced  it  continues  throughout  the 
whole  of  life — the  red  marrow,  especially  that  of  the  ribs,  being 
especially  active  in  this  respect.  In  mammaia  the  formation  of 
nucleated  coloured  corpuscles  appears  to  take  place  within  the  tissue 
of  the  marrow  external  to  the  blood-vessels.  It  is  uncertain  to  what 
extent  the  capillary  vessels  of  the  marrow  are  limited  by  a  complete 
endothelium  (see  p.  40),  but  in  any  case  the  formed  erythroblasts 
seem  to  readily  pass  into  the  blood  stream. ^ 

'  In  birds  the  erythroblaaU  are  coulined  to  CVie  large  bloDd-chaiiiiels  of  the 
marruw,  and  the  trauBformabion  into  erythrocytes  occura  withio  these  chaunela. 


MARROW  OF  BONE. 

The  marrow  of  bone  is  of  a  yellow  colour  in  the  shaftB  of  the  long 

,  bones  of  moat  animals,  and  is  there  largely  composed  of  adipoae 
tissue,  but  in  the  shafts  of  the  long  bones  of  some  animals,  and  in  the 
cancellated  tissue  of  most,  it  ia  usually  red,  the  colour  being  partly 

I  due  to  the  large  amount  of  blood  in  its  vessels.  This  red  marrow 
(fig.  41)  is  chiefly  composed  of  spherical  cells — the  myelocijtes  or 
ma/rrou-ctlls — which  resemble  rather  large  blood-leucocytes,  and, 
like    these,    are   amceboid.      They    also    exhibit   the    same    kind    of 

P  differences  as  to  the  character  of  the  granules  which  they  contain, 
J  being  oxyphil  and  others  amphophil  or  neutrophil.     But  while 

I  the  blood -leucocytes  rarely  contain  any  coarse  basophil  granulea,  some    ' 
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F  the  marrow-eells  contain  these  in  considerable  numbers.  There 
Kre  also  to  be  seen  mingled  with  the  marrow-leucocytes  a  number  of 
Gorpuacles  somewhat  smaller  in  size,  nucleated,  and  at  least  some 
bf  them  amojboid,  but  of  a  reddish  tint  (fig.  41,  e').  These  cells,  which 
•re  termed  eri/lkrobUids,  resemble  the  nucleated  coloured  blood-corpuscles 
■of  the  embryo,  and  are  believed  to  be  cells  from  which  the  coloured 
iMoodrdisks  become  developed.  Many  of  them  are  in  process  of 
■tnitotic  division.  Others  are  seen  with  the  nucleus  in  a.  more  or  less 
mtropbied  condition  (fig.  42,  k) ;  from  this  it  may  perhaps  be  inferred 
b  the  transformation  into  a  discoid  blood-corpuscle  is  accompanied 
by  the  disappearance  of  the  nucleus  (BuKOKero).     Lastly,  the  marrow 
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contains  a  number  of  very  large  cells,  the  giant-cdls  or  mydoplaxes 
of  Robin  (fig.  41,  meg:  fig.  42,  Or-d).  These  are  especially  numerous 
wherever  bone  is  becoming  absorbed,  but  are  not  confined  to  such 
situations,  being  indeed  normal  constituents  of  marrow.  Sometimes 
they  possess  several  nuclei,  but  most — the  so-called  megakaryocytes — 
contain  but  one  large  nucleus,  which  has  usually  an  annular  form. 
They  are  also  characterised  by  possessing  a  number  of  centrioles 
grouped  together  near  the  nucleus.  Lastly,  the  existence  of  cells 
within  the  marrow  containing  blood-corpuscles  in  various  stages  of 
transformation  into  pigment,  similar  to  those  which  occur  in  the 
spleen-pulp,  has  been  noted  (Osier). 

The  marrow  is  very  vascular,  the  capillaries  and  veins  being  large 
and  thin- walled;  indeed,  according  to  some  authorities,  the  walls  of 
the  capillaries  are  imperfect,  so  that  there  is  an  open  communication 
between  them  and  the  interstices  of  the  tissue,  and  in  this  way  it  is 
supposed  that  the  coloured  blood-disks,  which  are,  it  is  believed, 
produced  from  the  coloured  nucleated  cells  (erythroblasts)  of  the 
marrow,  may  get  into  the  circulation.  There  is  not,  however,  an 
interstitial  circulation  of  blood  in  the  marrow  such  as  is  found  in  the 
spleen,  nor  does  injection  material  such  as  carmine  gelatine  pass 
into  the  interspaces  of  the  tissue,  but  remains  confined  to  the  vessels, 
so  that  the  existence  of  an  open  communication  is  doubtful. 

Development  of  white  corpuscles. — The  white  blood-  and  lymph- 
corpuscles  occur  originally  as  free  cells,  which  are  believed  to  find 
their  way  into  the  vessels  from  the  circumjacent  mesoderm.  They 
do  not  occur  within  the  first-formed  blood-vessels  of  the  embryo  nor 
within  the  vasoformative  cells.  In  later  stages  of  foetal  life  and 
during  the  whole  of  post-embryonic  life  they  become  formed  in  the 
bone-marrow  as  well  as  in  lymph-glands  and  other  organs  composed 
of  lymphoid  tissue,  and  pass  from  these  directly  into  the  lymphatics 
and  into  the  blood. 

It  is  probable,  but  has  not  been  ascertained  with  certainty,  that  the 
lymphocytes  are  all  produced  in  lymph-glands  and  other  lymphoid 
tissues,  and  that  the  macrocytes  are  formed  by  enlargement  of  the 
lymphocytes.  On  the  other  hand,  the  polymorphs  and  the  coarsely 
granular  oxyphil  cells  are  believed  to  be  formed  within  the  bone 
marrow,  which  contains  cells  of  similar  character.  Cells  with  well- 
marked  basophil  granules  are  also  met  with  in  bone  marrow,  and 
sometimes,  in  abnormal  conditions,  pass  in  large  numbers  into  the 
blood. 
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LESSON  IV. 

ACTION  OF  REAGENTS   UPON  THE  HUMAN  BLOOD- 
CORPUSCLES, 

1.  Make  a  preparation  of  human  blood,  and  apply  a  drop  of  water,  at  one 
edge  of  the  cover-glass.  Examine  at  a  place  where  the  two  fluids  are 
becoming  mixed.  Notice  particularly  the  first  eflfect  of  water  upon  both  red 
and  white  corpuscles,  as  well  as  the  ultimate  action. 

Sketch  both  kinds  of  corpuscles  under  the  action  of  water. 

2.  Repeat  on  another  preparation,  using  very  dilute  alkali  (0*2  per  cent, 
caustic  potash)  instead  of  water.  Notice  the  complete  solution  first  of  the 
-white  and  then  of  the  coloured  corpuscles  as  the  alkali  reaches  them. 

3.  Repeat  on  another  preparation,  using  dilute  acetic  acid  (1  per  cent.). 
Observe  that  the  effect  of  the  acid  upon  the  coloured  corpuscles  is  similar 
to  that  of  water,  but  that  it  has  a  different  action  upon  the  colourless 
corpuscles. 

Sketch  two  or  three  of  the  latter  after  the  action  is  completed. 

4.  Make  a  preparation  of  blood  mixed  with  salt  solution,  as  in  Lesson  II.  2, 
and  investigate  the  action  of  tannic  acid  (1  part  tannic  acid  to  100  of  distilled 
water)  in  the  same  way. 

Sketch  two  or  three  coloured  corpuscles  after  the  action  is  complete. 

5.  Examine  blood-crystals  of  rat,  guinea-pig,  and  squirrel.  Preparations 
of  haemoglobin  crystals  cannot  be  kept  permanently. 

6.  Prepare  haemin  by  heating  a  dry  smear  of  blood  on  a  slide  with  glacial 
acetic  acid.    The  crystals  of  haemin  are  permanent. 


Stmctiure  of  ersrbhrocsrbes.  — The  action  of  reagents  upon  the 
human  red  blood-corpuscles  shows  that,  although  to  all  appearance 
homogeneous,    they    in    reality  consist    of 

an  external  envelope  of  colourless  material       a       h        c         d       e 
which  forms  a  thin  film  inclosing  the  dis-      \\      \\      ^      c  }   '[ 
solved  colouring  matter  or  hcemoglobin.   Thus, 
when  water  reaches  the  corpuscles,  it  passes         \Jri 
through  the  film  and  swells  the  corpuscle,       •^'%^  ^\    $ 

causing  it  to  become  globular ;    eventually  Fio.  43. 

the  film  is  burst  through,  and  the  colouring  """'a^^^d^cXSr^^effL"^^^ 
matter  escapes  into  the  serum.  The  addition  SJSdc^dd  ^*'  ^*  ^^®°*  **^ 
of    hyperisotonic  solution  of   salt,   on  the 

other  hand,  by  increasing  the  density  of  the  fluid  in  which  the 
corpuscles  float,  causes  diff'usion  of  water  out  of  the  corpuscle,  and 
consequent  shrinking  and  corrugation  of  the  surface,  the  crenated  form 
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(fig.  43,/)  being  thereby  produced.  The  same  change  is  brought  about 
by  evaporation  of  water,  if  the  blood  is  exposed  to  air.  The  separation 
of  haemoglobin  from  the  corpuscle  can  be  effected  not  only  by  water  (fig. 
43,  a-e),  but  also  by  dilute  acids,  by  the  action  of  heat  (60*  C),  the 
freezing  and  thawing  of  blood,  the  action  of  ether  or  chloroform,  and  the 
passage  of  electric  shocks.  Bile  and  dilute  alkalies  rapidly  cause  the  red 
corpuscles  to  become  spherical  and  then  almost  instantly  effect  their 
complete  solution  (hajmolysis).  The  mixing  of  blood  from  one  species 
of  animal  with  the  blood  or  serum  of  animals  of  other  species 
frequently  also   has   a   similar   effect.      In   this   case   the   hsemolytic 


Fig.  44.— Blood  crystals,  magnified. 
1,  from  human  blood ;  2,  from  the  guiaca-pig ;  3,  squirrel ;  4,  hamster. 

action  is  exerted  by  some  constituent  (haemolysin)  of  the  foreign 
blood,  which  is  special  for  each  species  and  against  which  the  "  host  '* 
can  render  itself  immune  if,  prior  to  any  large  quantity  of  the  foreign 
blood  or  serum  being  injected,  successive  small  injections  be  made; 
an  "  antihsemolysin "  being  gradually  produced.  This  fact  is  not 
only  of  interest  as  bearing  upon  the  general  doctrine  of  immunity, 
but  also  serves  to  detect  the  source  of  a  given  sample  of  blood. 

Tannic  acid  produces  a  peculiar  effect  upon  the  red  corpuscles  (fig. 
43,  g);  the  haemoglobin  is  discharged  from  the  corpuscle,  but  is  im- 
mediately altered  and  precipitated,  remaining  adherent  to  the  envelope 
in  the  form  of  a  round  or  irregular  globule  of  a  brownish  tinge 
(haematin  ?). 

Some  of  these  reactions  occur  by  a. process  of  osmosis  as  in  the  case  of 
water,  but  in  others  a  solution  of  the  envelope  of  the  corpuscle  is  produced 
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by  the  reagent,  and  the  haemoglobin  is  thus  allowed  to  escape.  The  film  or 
envelope  is  probably  composed  of  protoplasm  containing,  besides  nucleo- 
proteids,  lecithin  and  cholesterin  (myelin),  and  these  are  substances  which 
possess  many  of  the  physical  properties  of  fats,  although  of  a  different 
chemical  composition.  If  we  assume  that  such  fatty  substances  form  an 
external  film  to  the  corpuscle,  the  running  of  the  red  disks  into  rouleaux  can 
readily  be  explained,  since  it  has  been  shown  by  Norris  that  disks  of  any 
material,  e.g,  cork,  suspended  in  a  fluid,  tend  in  the  same  way  to  adhere  in 
rouleaux,  provided  their  surfaces  are  covered  with  a  layer  which  is  not 
wetted  by  the  fluid.  We  may  also  explain  on  the  same  hypothesis  the  fact 
that  no  rent  is  ever  seen  in  the  envelopes  of  the  red  corpuscles  even  when 
they  appear  to  have  burst  after  imbibition  of  water,  for,  if  the  film  which 
represents  an  envelope  is  myelinic  in  nature,  any  rent  in  it  would  tend 
immediately  to  close  up  again  when  the  opposed  edges  come  in  contact. 

It  was  also  shown  by  Norris  that  droplets  of  fluid  encompassed  by  myelin 
have  a  tendency  to  assume  a  flattened  shape. 
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Fig.  45.— H^min  crystals,  magnified.  Fig.  46,— H.fiMATOiDiN  crystals. 

(Preyer.)  (Frey.) 

The  more  solid  part  of  the  red  corpuscle  is  often  termed  the  stroma^  but 
this  name  rests  upon  an  entirely  false  conception  of  the  structure  of  the 
corpuscle.  In  adopting  the  name,  it  was  supposed  that  the  corpuscle  is 
formed  of  a  homogeneous  porous  iriaterial  (stroma — RoUett),  in  the  pores  of 
which  the  haemoglobin  is  contained,  but  there  is  no  reasonable  foundation 
for  this  belief,  which  fails  to  explain,  except  on  the  assumption  of  a  still  more 
complex  hypothesis,  the  well-known  osmotic  phenomena  of  the  corpuscle  ; 
whereas  the  supposition  that  there  exists  a  delicate  external  film  or  envelope 
inclosing  a  coloured  fluid  is  in  accordance  with  all  the  known  facts  regarding 
the  action  of  reagents  upon  these  bodies.  It  is  true  that  in  the  fresh 
mammalian  corpuscle  the  envelope  is  too  delicate  to  be  actually  observed  in 
the  optical  section  of  the  corpuscle,  but  in  the  blood-corpuscles  of  amphibia 
it  can  be  quite  distinctly  seen,  and  with  any  slight  increase  in  density  of  the 
plasma  it  tends  to  become  wrinkled  and  the  creases  in  it  are  plainly  visible. 
In  these  corpuscles  also  the  nucleus  becomes  readily  displaced  in  drawn 
blood  from  its  position  in  the  centre  of  the  corpuscle  and  may  lie  quite  at 
the  side ;  this  is  a  clear  indication  of  the  fluid  nature  of  the  contents  of  the 
corpuscle,  and  by  analogy  we  may  fairly  assume  a  similar  constitution  for 
the  mammalian  corpuscle.  Lastly,  it  is  possible  to  stain  the  envelope  of  the 
red  corpuscles  of  a  different  colour  from  the  remainder  of  the  corpuscle. 

Blood-crystals— Haemoglobin.— In  the  blood  of  many  animals  (fig.  44), 
crystals   of  haemoglobin  readily   form  after  its   separation   from   the  red 
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corpuscles.  These  crystals  are  rhombic  prisms  in  man  and  most  animals^ 
e.g.  the  rat,  but  tetrahedra  in  the  guinea-pig,  and  hexagonal  plates  in 
the  squirrel.  In  these  animals  thej  at  once  appear  on  shaking  up  the 
blood  with  chloroform  or  ether,  or  even  on  the  addition  of  water,  with  or 
without  subsequent  evaporation. 

Hsemin. — This  name  has  been  applied  to  the  minute  dark-brown  rhombic 
crystals  of  hydrochlorate  of  haematin  (fig.  45),  which  are  formed  when  dried 
blood  from  any  source  whatever  is  heated  with  glacial  acetic  acid. 

HSBinatoidin. — This  occurs  in  the  form  of  brownish  yellow  crystals  (fig.  46). 
It  is  found  in  old  blood  extravasations  and  in  other  places  where  blood- 
corpuscles  are  undergoing  disintegration  within  the  tissues. 

Action  of  reagents  on  leucocytes. — The  structure  of  the  colourless 
corpuscles  is  also  brought  out  by  the  action  of  some  of  the  reagents 
above  noticed.  As  the  water  reaches  them  their  amoeboid  movements 
cease;   they  become  swollen  out  into  a  globular  form  by  imbibition 


Fig.  47. 

1,  first  effect  of  the  action  of  water  upon  a  white  blood-corpuscle  ;  2,  3,  white  corpuscles 

treated  with  dilute  acetic  acid  ;  ?i,  nucleus. 

of  fluid  (fig.  47,  1),  and  the  granules  within  the  protoplasm  can  be 
seen  to  be  in  active  Brownian  motion.  Their  nuclei  also  become 
clear  and  globular,  and  are  more  conspicuous  than  before.  With 
the  further  action  of  the  water,  the  corpuscle  bursts  and  the  granules 
are  set  free. 

Acids  have  an  entirely  different  action  upon  the  white  corpuscles. 
Their  nuclei  become  somewhat  shrunken  and  very  distinct  (fig.  47, 
2  and  3),  and  a  granular  precipitate  is  formed  in  the  protoplasm 
around  the  nucleus.  At  the  same  time,  a  part  of  the  protoplasm 
generally  swells  out  so  as  to  form  a  clear  bleb-like  expansion  (an 
appearance  which  also  often  accompanies  the  death  of  the  corpuscle 
from  other  causes).  Dilute  caustic  alkalies  rapidly  cause  the  complete 
destruction  of  the  white  corpuscles. 
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LESSON    V. 

THE  BLOOD-CORPUSCLES  OF  AMPHIBIA, 

1.  Obtain  a  drop  of  frog's,  toad's  or  newt's  blood,  and  mix  it  with  a  very 
small  quantity  of  salt  solution  upon  a  slide.  Examine  with  the  high  power. 
Notice  the  shape  of  the  coloured  corpuscles  both  when  seen  flat  and  edge- 
ways, and  the  nucleus  within  each. 

Measure  ten  corpuscles  (long  and  short  diameters),  and  from  the  results 
obtain  the  average  dimensions  of  a  corpuscle. 

Notice  also  the  colourless  corpuscles,  smaller  than  the  red,  but  larger  than 
the  pale  corpuscles  of  human  blood,  although  otherwise  generally  resembling 
these. 

Sketch  two  or  three  red  corpuscles  and  as  many  white. 

Be  careful  not  to  mistake  the  rounded  liberated  nuclei  of  crushed  red 
corpuscles  for  pale  corpuscles. 

Enormous  cells  and  nuclei  belonging  to  the  cutaneous  glands  as  well  as 
the  granular  secretion  of  those  glands  may  be  present  in  this  preparation  if 
it  is  obtained  from  the  newt's  tail. 

2.  Apply  a  drop  of  water  to  the  edge  of  the  cover-glass  of  the  same 
preparation  and  notice  its  action  upon  the  corpuscles. 

SKetch  two  or  three  corpuscles  altered  by  the  action  of  the  water. 

3.  Mount  another  drop  of  blood,  and  apply  dilute  acetic  acid  (1  per  cent.) 
instead  of  water  at  the  edge  of  the  cover-glass.  Make  sketches  showing  the 
effect  of  the  acid  upon  both  red  and  white  corpuscles. 

4.  Examine  the  corpuscles  of  newt's  blood  which  has  been  allowed  to  flow 
into  boric  acid  solution  (2  per  cent).  Notice  the  effect  produced  upon  the 
coloured  corpuscles.     Sketch  one  or  two. 

5.  Mount  drops  of  glycerine-jelly  containing  (a)  frog's  blood  and  (6)  bird's 
blood,  previously  fixed  by  Flemming's  solution  and  stained  with  picro- 
carmine. 

6.  Make  a  film  preparation  of  amphibian  or  avian  blood  as  described  on 
p.  28,  §  5.  

The  coloured  blood-corpuscles  of  amphibia  (fig.  48),  as  well  as 
of  nearly  all  vertebrates  below  mammals,  are  biconvex  elliptical  disks, 
considerably  larger  than  the  biconcave  circular  disks  of  mammals.^ 
In  addition  to  the  coloured  body  of  the  corpuscle,  which  consists, 
as   in   mammals,   of  haemoglobin  inclosed  within  an  envelope,  there 

^  The  following  are  the  dimensions  in  parts  of  a  millimeter  of  the  coloured 
corpuscles  of  some  oviparous  vertebrates : — 

Pigeon,  ...        - 

Frog, 

Newt, 

Proteus,         .... 
Amphiuma,  -        -         -         - 


Long  diameter. 

Short  diameter 
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is  a  colourlesB  nucleus,  also  of  an  elliptical  shape,  but  easily  becoming 
globular,  eapacially  if  liberated  by  any  means  from  the  corpuscle. 
The  nucleus  resembles  that  of  other  uells  in  structure,  being  bounded 
by  a  membrane  and  having  a  network  of  chromatin.     It  is  not  very 
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distinct  in  the  unaltered  corpuscle,  but  is  brought  clearly  into 
view  by  the  action  of  reagents,  especially  acids.  The  action  of 
reagents  upon  the  red  corpuscle  of  amphibia  is  otherwise  similar  to 
that  upon  the  mammalian  corpuscle,  water  and  acetic  acid  causing  it  to 
swell  into  a  globular  form  atid  then  to  become  decolorised ;  solution 
of  salt  causing  wrinkling  of  the  envelope,  and  so  on.  As  a  first  effect, 
water  and  certain  other  fluids  may  cause  the  hfemoglobin  to 
retire  from  the  envelope  at  the  poiTits  where  the  fiiiid  is  passing 
through  the  membrane:  a  stellate  appearance  is  thereby  often  pro- 
duced (Hiinefeldt,  Hensen),  Boric  acid  causes  the  hfemoglobin  of  the 
newt's  corpuscle  to  become  partially  or  wholly  collected  around  the 
nucleus,  which  may  then  be  extruded  from  the  corpuscle  (Briicke). 

Immediately  within  the  envelope,  at  the  periphery  of  the  amphibian 
erythrocyte,  is  a  band  of  fine  fibrils  which  are  stained  by  gentian 
Tiolet  (Meves)  and  can  also  be  seen  cut  across  in  eeetiouB  of  the 
corpuscles  (Bryce). 

The  colourless  corpuscles  of  amphibia,  although  larger,  are 
very  similar  to  those  of  mammals.  Like  them,  they  are  either 
wholly    pale    and    finely    granular    or    inclose    a    number    of    very 
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distinct  granules  of  similar  nature  to  those  met  with  in  mammals. 
These  corpuscles  vary  much  in  size  and  in  the  activity  of  their 
amoeboid  movements :  those  which  have  a  multilobular  nucleus  (fig. 
33,  h,  c)  are  usually  the  most  active.  Reagents  have  the  same  eflPect 
upon  them  as  on  those  of  mammals.  The  presence  of  glycogen  may 
be  demonstrated  in  them  by  its  reaction  with  iodine  (port-wine 
colour). 

The  blood-platelets  (thrombocytes)  in  the  frog  are  fewer  in  number 
than  in  mammals.  Many  are  of  a  spindle  shape.  They  contain 
a  nucleus-like  body  and  like  the  blood-platelets  of  mammals  they 
show  amoeboid  changes  and  tend  rapidly  to  clump  together  in 
drawn  blood. 
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OURLESS  ^^H 


THE  AMB(EBOfD   PHENOMENA    OF  THE  COLO 
BLOOD-CO  RP  USCLES. 


\.  Make  a  preparation  of  blood  from  the  finger  in  the  uaiial  way.  Draw  a 
brush  jast  nioifctened  with  perfectlj  neutral  oil  around  the  edge  of  the  cover- 
glaaa  to  check  evaporation.  Place  the  preparation  upon  a  'warm  stage,'  and 
heat  this  to  about  the  temperature  of  the  body  (38°  C).  Bring  a  white 
corpuscle  under  observation  with  the  high  power,  and  walj;h  the  changea 
of  shape  which  it  undergoes.  To  become  convinced  of  thene  alterations  in 
form,  make  a  series  of  outline  aketches  of  the  aame  corpaecle  at  interrala^ 


Fio.  49.-StsiPLi( 


The  simplest  form  of  warra  stage  is  a  copper  plate  of  about  the  aize  of  an 
ordinary  alide_,  perforated  in  the  centre  and  with  a  lone  tongue  of  the  same 
metal  projeoting  from  the  middle  of  one  edge  (fig.  49).  Ine  copper  plate 
rests  upon  the  stage  of  the  luicroscope,  with  a  piece  of  cloth  or  other  non- 
oonducting  material  between.  The  preparation  ia  made  upon  an  ordinary 
slide  or  on  a  large  coTer-glaas,  which  is  placed  upon  the  warra  stage  and 
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pressed  into  contact  with  it  by  the  brass  clips.  Heat  is  applied  to  the  copper 
tongue  hy  a  small  spirit-lamp  flame,  and  a  greater  or  less  amount  is  con- 
ducted to  the  warm  stage  and  the  superjacent  preparation  according  to  the 
point  to  which  the  flame  is  applied.  To  ascertain  that  the  right  temperature 
IS  got  and  maintained,  put  two  pieces  of  paraffin,  one  melting  at  Sb"  C. 
{95*  F.)  and  another  at  SS**  C.  (100"  F.),  on  either  side  of  the  preparation. 
The  temperature  must  be  such  that  the  first  piece  is  melted  and  remains  so 
whilst  the  second  remains  unmelted.^ 

2.  Mount  a  drop  of  frog's  or  newt's  blood  diluted  with  an  equal  amount  of 
salt  solution,  and  examine  it  in  the  same  manner  upon  the  copper  stage,  at 
first  cold,  afterwards  warm  ;  the  temperature  must,  however,  be  kept  below 
30**  C.  Observe  the  effect  of  heat  in  acclerating  the  amoeboid  movements  of 
the  pale  corpuscles.  Sketch  one  at  intervals  of  a  minute  (a)  in  the  cold,  (b) 
whilst  warmed. 

3.  Take  some  yeast  which  has  been  mixed  with  salt  solution,  and  mix  a 
very  little  of  the  yeast  and  salt  solution  with  a  fresh  drop  of  newt's  blood, 
slightly  oiling  the  edge  of  the  cover-glass  as  before.  Endeavour  to  observe 
the  inception  of  the  yeast-torulse  by  the  white  corpuscles.  Sketch  one  or 
two  corpuscles  containing  torulse. 

Milk-globules  or  particles  of  carbon  or  of  vermilion  may  also  be  used  for 
this  experiment,  but  the  process  of  inception  or  *  feeding'  is  most  readily 
observed  with  the  yeast  particles. 

4.  At  the  beginning  of  the  lesson  collect  a  drop  of  newt's  or  frog's  blood 
into  a  fine  capillary  tube,  seal  the  ends  of  the  tube,  and  mount  it  in  a  drop 
of  oil  of  cedar- wood  or  dammar  varnish  (or  the  clot  may  be  blown  out  into 
a  drop  of  salt  solution  on  a  slide  and  mounted  in  this  solution).  Towards  the 
end  of  the  lesson  examine  it  to  see  white  corpuscles  emigrating  from  the 
shrunken  clot  (see  fig.  50). 

5.  To  obtain  a  specimen  with  the  white  corpuscles  fixed  in  amoeboid  con- 
dition, make  a  preparation  of  newt's  blood,  mixed  with  salt  solution,  and 
set  it  aside  for  ten  minutes.  By  this  time  the  corpuscles  will  be  freely 
amoeboid,  and  will  probably  show  well-marked  pseudopodia.  To  fix  them  in 
this  condition  let  a  jet  of  steam  from  a  flask  or  kettle  play  for  two  or  three 
seconds  upon  the  cover-glass.  The  heat  instantly  kills  the  corpuscles,  and 
they  are  fixed  in  the  form  they  presented  at  the  moment  the  steam  was 
applied.  They  may  now  be  stained  by  passing  dilute  haemalum^  under  the 
cover-glass,  or  by  removing  the  latter  and  staining  with  eosin  and  methylene 
blue  in  the  manner  recommended  on  p.  28,  §  5.  If  hsemalum  is  used, 
the  stain  is  followed  by  dilute  glycerine,  after  which  the  cover  may  be 
cemented  and  the  preparation  kept. 


The  amoeboid  phenomena  which  are  exhibited  by  the  protoplasm 
of  the  colourless  blood-corpuscles  consist  of  spontaneous  changes  of 
form,  produced  by  the  throwing  out  of  processes  or  pseudojpodia  in 
various  directions.  When  first  thrown  out  the  pseudopodia  are  quite 
clear;  they  appear  to  be  produced  by  a  flowing  of  the  hyaloplasm 
(see  p.  4).     If  the  corpuscle  is  stimulated,  either  mechanically,  as  by 

^For  exact  work,  an  apparatus  somewhat  more  complex  than  the  above  is 
required.     For  description  of  such,  see  A  Course  of  Practical  Histology, 

^  Delafield's  or  Ehrlich's  hsematoxylin  can  be  substituted  for  hsemalum  wherever 
the  latter  is  mentioned.  The  water  used  for  the  dilution  of  hsematoxylin  solu- 
tions must  always  be  distilled. 
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tapping  the  cover-glass,  or  electrically,  the  paeudopodia  are  retracted, 
the  corpuscle  becoming  spherical.  A  change  of  fonn  caused  by  the 
proti-uaion  of  the  paeudopodia  may,  when  actii'e,  be  followed  by 
changes  in  place  or  actual  locomotion  {migration)  of  the  corpascle. 
"When  a  pseudopodium,  or  the  external  surface  of  the  corpuscle, 
comes  in  contact  with  any  foreign  particle,  the  protoplasm  tends  to 
flow  round  and  enwrap  the  ])article,  which  is  then  drawn  into  the 
corpuscle ;  particles  thus  incepted  may  be  conveyed  by  the  corpuscle 
in  its  movements  from  one  place  to  another  (fig.  51).  This  property 
plays  an  important  part  in  many  physiological  and  pathological  pro- 
cesses;   thus    cells    in   the  spleen    resembling    large    leucocytes — the 
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so-called  splenic  cells — incept  blood-corpuscles,  which  become  broken 
down  within  them;  and  pathogenic  bacteria  become  taken  into  the 
protoplasm  of  certain  leucocytes  (on  this  account  termed  phagocytes), 
there  to  be  destroyed  (Metchnikofl").  The  phagocytic  properties  of 
the  leucocytes  become  especially  developed  as  the  result  of  the  action 
upon  the  bacteria  of  certain  chemical  substances  which  are  present 
to  a  greater  or  less  extent  in  blood  and  which  are  termed  opsonins 
(Wright). 

It  is  probable  that  particles  of  organic  matter  which  are  taken  up 
by  the  pale  corpuscles  may  undergo  some  slow  process  of  intracellular 
digestion  within  their  protoplasm. 
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The  processes  of  the  granular  corpuscles  are  quite  clear  at  first; 
the  granules  afterwards  flow  into  them. 

The  migration  of  the  colourless  corpuscles  from  the  blood-vessels 
into  the  surrounding  tissues  (which  especially  occurs  in  inflamed 
parts),  or  from  a  blood-clot  into  the  surrounding  serum  (fig.  50),  is 
due  to  these  amoeboid  properties. 

The  conditions  which  are  favourable  to  this  amoeboid  activity  of 
the  white  corpuscles  are  (1)  the  natural  slightly  alkaline  medium, 
such  as  plasma,  serum,  or  lymph,  or  faintly  alkaline  normal  saline 
solution.  Any  increase  of  density  of  the  medium  produces  a  diminu- 
tion of  amoeboid  activity,  whilst,  on  the  other  hand,  a  slight  decrease 
in  its  density  has  the  opposite  effect;  (2)  a  certain  temperature.     In 


Fig.  51. — Chanobs  of  form  of  a  white  blood-corpusole  sketched  at 
intervals  of  a  few  minutes,  showing  the  inception  of  two  small 
granules  and  the  changes  of  position  these  underwent  within 
the  corpuscle. 


warm-blooded  animals  the  phenomena  cease  below  about  10°  C.  When 
gradually  warmed  the  white  corpuscles  become  more  and  more  active 
up  to  a  certain  point,  the  maximum  being  a  few  degrees  above  the 
natural  temperature  of  the  blood.  Above  this  point  they  become 
spheroidal  and  at  a  somewhat  higher  temperature  their  protoplasm 
is  coagulated  and  killed.  Acids  at  once  kill  the  corpuscles  and  stop 
the  movements.  Narcotic  gases  and  vapours,  such  as  carbonic  acid 
gas  or  chloroform  vapour,  also  arrest  the  movement,  but  it  recom- 
mences after  a  time  if  their  action  is  not  too  prolonged. 
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LESSON  VII. 

EPITHELIUM  AND  SECRETING  GLANDS. 

1.  Mount  a  drop  of  saliva  and  examine  first  with  a  low,  afterwards  with  a 
high  power.  Observe  the  nucleated  epithelium-cells,  some  single,  and  otheris 
still  adhering  together  by  overlapping  edges.  Measure  three  or  four,  and 
also  their  nuclei.  Sketch  one  or  two  on  the  flat  and  one  edgeways.  Notice 
the  salivary  corpuscles,  which  are  migrated  white  blood-corpuscles,  swollen 
out  by  imbibition  of  water.  The  preparation  may  be  stained  with  diluted 
hsemalum  and  preserved  with  glycerine. 

2.  Put  a  small  shred  of  human  epidermis  into  a  drop  of  strong  caustic 
potash  solution  (35  p.c.)  for  five  minutes.  Then  break  it  up  in  water  with 
needles,  cover  and  examine.     Observe  the  now  isolated  swollen  cells. 

3.  Study  the  arrangement  of  the  cells  in  a  section  through  some  stratified 
epithelium,  such  as  that  of  the  mouth,  skin,  or  cornea.^  Notice  the  changes 
in  shape  of  the  cells  as  they  are  traced  towards  the  free  surface.  Measure 
the  thickness  of  the  epithelium.     Count  the  number  of  layers  of  cells. 

4.  Make  a  preparation  of  the  epithelium  of  the  urinary  bladder,  which 
may  be  moderately  distended  with  bichromate  of  potash  solution  (1  part  to 
800  of  salt  solution),  and  after  an  hour  or  two  cut  open  and  placed  in  more 
of  the  same  solution.  Take  a  small  scraping  of  the  lining  epithelium  on  the 
point  of  a  scalpel,  and  break  it  up  by  tapping  it  in  a  drop  of  very  dilute 
hsematoxylin  on  a  slide.  Put  a  small  hair  in  the  drop  and  cover.  Add  a 
small  drop  of  glycerine  at  one  edge  :  allow  this  to  diffuse  under.  Cement 
next  day.  Observe  the  large  flat  superficial  cells,  and  the  pear-shaped  cells 
of  the  second  layer.  Sketch  one  of  each  kind.  The  cells  will  vary 
greatly  in  appearance  according  to  the  amount  of  distension  of  the  organ. 

5.  Study  the  minute  structure  of  epithelium-cells  and  their  nuclei,  both 
at  rest  and  dividing,  in  sections  of  the  skin  of  the  newt's  tail,  or  in  shreds 
of  peritoneum  or  of  epidermis  or  in  sections  of  the  salamander-tadpole.  The 
preparation  may,  for  this  purpose,  be  stained  either  with  hsematoxylin  or 
iron-hsematoxylin,  or  with  some  aniline  dye  such  as  saffranin.^ 

Sketch  an  epithelium-cell  with  resting  nucleus,  and  others  with  nuclei  in 
different  phases  of  mitosis. 

The  simple  saccular  skin-glands  of  Amphibia  may  also  be  studied  in  these 
preparations. 


An  epithelium  is  a  tissue  composed  entirely  of  cells  separated  by 
a  very  small  amount  of  intercellular  substance  (cement-substance)  and 
generally  arranged  so  as  to  form  a  membrane  covering  either  an 
external  or  internal  free  surface. 

The  structure  of  epithelium-cells,  and  the  changes  which  they 
undergo  in  cell-division,  are  best  seen  in  the  epidermis  of  the  newt 

^  The  methods  of  preparing  and  staining  sections  are  given  in  the  Appendix. 
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I    or  of  the  salamander-tadpole  (fig.   52) ;    in  the  latter  especially,  the 
cells  and  nuclei  are  much  larger  than  in  mammals. 

Structure  of  the  cells. ^Eaeh  epithelium-cell  consists  of  protoplasm 
containing  a  nucleus.  The  protoplasm  may  either  look  granular,  or 
it  may  have  a  reticulated  appearance,  or  may  exhibit  fibrils.  The 
nucleus  is  spherical  or  ovoid.  Usually  there  is  only  one,  but  there 
may  be  two  or  more.  The  cell-aubatance  ia  often  modified  in  its 
chemical  nature;  its  e.vternal  layer  may  become  hiirilL'(ie<!  to  form  a 
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sort  of  membrane,  or  the  whole  cell  may  become  homy  (keratinised) ; 
or  there  may  be  a  separation  of  materials  (granules)  within  the  cell 
which  are  ultimately  used  by  the  organism,  as  in  some  secreting 
glands. 

Claofliflcation  of  epithelia. — Epithelia  are  somewhat  illogically 
classified  partly  according  to  the  shape  and  arrangement  of  the  cells, 
partly  according  to  their  function.  Thus  we  spealj  of  scdy  or  paveptent, 
lyubiml,  columnar^  glanMar,  and  ciliated  epithelium.  Most  of  these 
are  simple  epithelia,  with  the  cells  only  one  layer  deep.  If  forming 
several  superposed  layers,  the  epitheli 
then  the  shape  of  the  cells  differs 
there  are  only  three  or  four  layers 
tranisiHtmal. 


said  to  be  stratified,  and 
n  the  different  layers.     Where 
epithelium,  it  is  termed 
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StntiJled  epitlieUiiin  covers  the  anterior  surface  of  the  cornea,  lines 
the  mouth,  pharnyz  (lower  part),  gullet,  anal  canal  and  part  of  the 
urethra,  and  forms  the  epidermis  which  covers  the  sldn.  The  vocal 
cords  are  also  covered  by  stratified  epithelium..  In  the  female  it 
also  lines  the  vagina  and  covers  the  os  uteri.     The  cells  nearest  the 


surface  are  always  flattened  and  scale-like  (fig.  53,/;  fig.  54),  whereas 
the  deeper  cells  are  polyhedral,  and  those  of  the  deepest  layer  some- 
what columnar  in  shape  (fig.  53,  c).  Moreover,  the  deep  cells  are 
soft  and  protoplasmic,  and  are  separated  from  one  another  by  a  system 
of  intercellular  channels,  which  are  bridged  across  by  numerous  fibres 
passing  from  cell  to  cell ;  giving  the  cells,  when  separated,  the 
appearance  of  being  beset  with  short 
~  spines  (prickle^ls  of  Max  Schultze). 

These '  bridging  fibres '  are  not  peculiar 
to  stratified  epithelium,  but  occur  in 
many  if  not  in  all  kinds  of  epithelia. 

The  deeper  cells  multiply  by  mitotic 
division,  the  nuclei  first  dividing  in 
the  manner  already  described.  The 
(Mag-  newly  formed  cells  tend  as  they  enlarge 
to  push  those  external  to  them  nearer 
to  the  surface,  from  which  they  are  eventually  thrown  ofi^.  As  they 
approach  the  surface  they  become  hard  and  homy,  and  in  the  case  of 
the  epidermis  entirely  lose  their  cellular  appearance,  which  can,  however, 
be  in  a  measure  restored  by  the  action  of  alkalies  (§  2).  The  cast-off 
superficial  cells  of  the  stratified  epithelium  of  the  mouth,  which  are 
seen  in  abundance  in  the  saliva  (§  1),  are  less  altered,  and  the  remains 
of  a  nucleus  is  still  visible  in  them  (fig.  54).  The  stratified  epithelium 
of  the  human  skin  (epidermis)  shows  many  peculiarities :  these  will 
be  considered  when  the  skin  itself  is  treated  of. 


Fig.  64.— GFTTHaLniif-BCALBB  r 
Dified  380  diameters.) 


TEANSITIONAL  EPITHELIUM. 

Transitional  epithelium  is  a  atnitified  epithelium  consisting  of  only 
three  or  four  layers  of  cella.  It  occurs  in  the  urinary  hladder,  the 
ureter,  and  the  pelvis  of  the  kidney.  The  superficial  cells  <fig.  55,  a) 
are  large  and  flattened ;  they  oftea  have  two  nuclei.  Their  free  sur- 
face is  covered  with  a  cuticiilar  stratum  (Eggeling),  aud  on  their 
under  surface  they  exhibit  depressiona,  into  which  fit  the  larger 
ends  of  pyriform  cells,  which  form  the  next  layer  (fig.  55,  b). 
Between  the  tapered  ends  of  the  pyrifonn  cells  one  or  two  layers 
of  smaller  polyhedral  cells  are  found.  The  epithelium  seems  to  be 
renewed  by  mitotic  division  of  these  deeper  cells ;  it  is  probable  that  I 
the  superficial  colls  also  multiply,  but  in  this  case  by  amitosis. 


erad&pti>d 


Simple  scaly  or  pavement  epitheliiun  is  found  in  the  saccules  of  the 
lunge,  in  the  ducts  of  the  mammary  glands,  in  the  kidney  (in  the  tubes 
of  Henle,  lining  the  capsules  of  the  Malpighian  bodies,  and  covering 
the  glomeruli),  and  also  lining  the  cavities  of  serous  membranes 
(fig.  56),  and  the  interior  of  the  heart,  blood-vessels,  and  lymphatics. 
When  occurring  on  internal  surfaces,  such  as  those  of  the  serous 
membranes,  blood-vessels,  and  lymphatics,  it  is  often  spoken  of  as 
endotlielinm  or  mesothelium.  According  to  v.  Brunn  the  cells  of  a 
seroua  epithelium  may  be  provided  with  a  striated  border  on  their 
free  surface,  somewhat  like  that  which  is  found  on  columnar  cells. 

Columnar  epithelium  and  ciliated  epithelium  are  for  the  most  part 
found  covering  the  inner  surface  of  mucous  membranes;  which  are 
membranes  moistened  by  mucins  and  lining  passages  in  communication 
with  the  exterior,  such  as  the  alimentary  canal  and  the  respiratory  and 
generative  passages.     The  cells  of  a  columnar  epithelium  form  a  single 
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layer,  varying  in  thickness  according  to  the  length  of  the  constituent 
cells,  and  when  the  cells  of  a  columnar  epithelium  are  short,  the 
epithelium  is  spoken  of  as  cubical,  such  as  that  which  lines  the 
vesicles  of  the  thyroid  gland. 


Fig.  56.— Pavement  epithelium  or  endothelium  of  a  serous  membrane. 
Nitrate  op  silver  preparation.    Carmine  staining  of  nuclbl 

Ciliated  epithelium  is  found  in  man  throughout  the  whole  extent  of 
the  air-passages  and  their  prolongations,  but  not  in  the  uppermost 
part  of  the  nostrils  which  is  supplied  by  the  olfactory-  nerves, 
nor  in  the  lower  part  of  the  pharynx,  nor  in  the  terminal  bronchioles 
land  pulmonary  alveoli.  It  also  occurs  in  the  Fallopian  tubes  and 
the  greater  part  of  the  uterus ;  in  the  efferent  tubes  of  the  testicle ;. 
and  in  the  ventricles  of  the  brain,  and  the  central  canal  of  the 
spinal  oord. 

GLANDULAR  EPITHELIUM  AND  SECRETING  GLANDS. 

Glandular  epithelium  is  the  essential  tissue  of  all  the  organs  which 
are  known  as  secreting  glands.  Glands  are  of  two  chief  kinds.  Those 
which  are  best  known  arid  which  are  termed  secreting  glands  proper  are 
furnished  with  a  duct  which  ramifies  in  all  parts  of  the  gland  and  by 
means  of  which  the  products  of  the  secretory  activity  of  the  gland-cells 
are  brought  to  a  free  surface.  Such  glands  have  been  developed  as 
involutions  of  the  surface  upon  which  they  open,  and  their  epithelium 
is  continuous  with  that  of  this  surface,  and  is  in  some  cases,  especially 
where  the  surface  upon  which  the  gland  opens  is  covered  with  columnar 


FlO.    57.— VABIOUH   kinds  op  OLiNDS, 

L  Stoplo  aaocukr  gland  from  smphibiiui  skin  (FlBminiiie).  JI.  BImirte  tubcilur  glunii 
from  inta-linu  (FlemmliiKX  'H-  A  outall  rscumoso  ^ind  with  a  Hin^le  duct  into 
»rtildi  B  nranhor  of  iiregiilatl j  tDhwlnr  acini  open  (Flemnrtng).  IV.  Part  of  ■  tubulo- 
IMemosa  glund  with  tho  ucioi  unmvallod  {Flamming).     V.  Wai  model  of  a  small 
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epithelium,  of  a  similar  character  to  the  epithelium  of  the  surfeoe ;  in 
others  different  in  character.  In  moBt  glands  the  epithelium  alters  as 
we  trace  the  duct  back  into  the  recesses  or  ^veoU  of  the  gland,  and  it  is 
in  these  that  the  characteristic  glandular  cells,  which  are  generally  poly- 
hedral in  shape,  are  found.  Every  such  involution  or  ingrowth  of 
epithelium  to  form  a  gland  is,  when  first  formed,  of  a  simple  character. 


tiaauB  of  thi 


shaped  like  a  test-tube  or  flask  and  filled  with  a  solid  mass  of  cells,  but 
it  presently  becomes  hollowed  out  and  the  cells  are  left  as  a  lining  to  the 
connective  tissue  membrane  which  bounds  the  involution.  The  gland 
may  remain  simple  and  unbranched  (simple  aacadar  and  simple  tubular 
glands,  fig.  57,  I.  and  11.),  or  it  may  branch  again  and  again  until  a 
complicated  structure,  in  some  cases  small,  in  othcra  of  considerable  size, 
is  produced  (compotrnd  tubular  and  amipound  saccular  {or  racemose)  ghnds 
(fig.  57,  III.,  IV.,  v.),  instances  of  which  are  furnished  by  the  kidneys 
and  salivary  glands  respectively).  The  cells  which  furnish  the  secretion 
of  the  glandandwhichline  the  secreting  parts  ofthe  tubules  of  a  tubular 
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gland,  or  the  alveolar  enlargements  (acini)  at  the. ends  of  the  ducts  of  a 
racemose  gland,  are  frequently  partly  or  wholly  filled  with  granules 
in  the  intervals  of  secretory  activity,  and  tJhese  granules  become 
discharged  or  dissolved  and  pass  into  the  secretion  during  activity. 
Secreting  glands  are  always  abundantly  supplied  with  blood-vessels 
and  nerves.  The  former  are  distributed  in  the  connective  tissue  which 
holds  together  the  acini  and  groups  of  acini  (lobules)  of  the  gland ; 
the  latter  are  supplied  partly  to  the  blood-vessels  and  partly  ramify 
amongst  the  secretory  epithelium  cells. 

The  liver  differs  from  all  other  secreting  glands  in  being  composed  of 
solid  masses  of  cells  (hepatic  lobules)  instead  of  tubular  acini  lined  by 
epithelium.  It  exhibits  also  other  important  differences  in  the  nature 
of  its  blood-supply  and  the  relation  between  the  blood  and  the  liver- 
cells. 

The  other  kind  of  secreting  glands,  known  as  the  internally  secreting 
glands,  are  not  furnished  with  ducts  and  are  usually  described  (along 
with  the  spleen  and  the  lymphoid  structures)  as  ductless  gkmds.  The 
internally  secreting  glands  are,  like  the  externally  secreting  organs, 
composed  of  epithelial  cells,  sometimes  grouped  in  solid  masses  {e,g, 
suprarenal  gland),  in  other  cases  disposed  around  hollow  vesicles  (e,g, 
thyroid)  which  become  filled  with  the  material  of  the  secretion.  But 
as  in  these  glands  there  is  no  duct  the  secretion  is  carried  into  the 
blood  either  directly  by  the  blood-vessels  of  the  gland  or  indirectly 
through  the  lymphatics. 

The  detailed  study  of  the  glands  and  of  other  epithelial  structures 
may  be  reserved  until  the  organs  *in  which  they  occur  are  described, 
but  columnar  and  ciliated  epithelia  will  be  dealt  with  in  the  next 
Lesson. 

The  hairs  and  naUs  and  the  enamel  of  the  teeth  are  modified 
epithelial  tissues.  They  will  be  described  along  with  the  skin  and 
structures  connected  with  the  mouth  respectively. 
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LESSON   VIII. 

COLUMNAR  AND  CILIATED  EPITHELIUM:  ACTION  OF  CILIA, 

1.  BUBiK  up  in  dilute  glycerine  a  shred  of  epithelium  from  a  minute  piece 
of  the  mucous  membrane  of  intestioe  (frog)  that  has  been  treated  with  1  per 
cent,  osmic  acid  for  some  hours,  and  has  subsequently  macerated  in  water 
for  a  few  days.  The  cells  easily  separate  on  tapping  the  cover-glass. 
Measure  and  sketch  one  or  two  cells. 

The  cover-glass  may  be  at  once  fixeU  by  gold  size. 

2  Prepare  ciliated  epithelium  from  a  trachea  that  has  been  in  chromic 
acid  solution  (1  to  2000  normal  saline)  for  a  few  days,  in  the  same  way  aa 
with  traueitional  epithelium  (g  4,  p.  52).  Measure  in  one  or  two  of  the 
celts  (a)  the  length  of  the  cells,  {h)  the  length  of  the  cilia,  (c)  the  size  of  the 
nucleus.    Sketch  two  or  three  cells. 

Z.  Mount  in  aea-wnter  one  or  two  bars  of  the  gill  of  the  marine  mussel 
(fig.  S9).  Study  tlie  action  of  the  large  cilia.  Now  place  the  preparation 
upon  the  copper  warm  stage  (see  Lesson  VI.)  and  observe  the  effect  of  raising 
the  temperature. 


Keep  this  preparation  until  the  end  of  the  lesson,  by  which  time  many  of 
the  cilia  will  have  become  ianguid.  When  this  is  the  case  pass  a  drop  of 
dilute  potash  solution  (1  part  KHO  to  1000  of  sea-water)  under  the  cover- 
glass  and  observe  the  effect. 

4.  Cement  with  sealing-wax  a  piece  of  small  glass  tubing  to  a  slide  so  that 
one  end  of  the  tube  cornea  nearly  to  the  centre  of  the  slide.  To  do  thb 
effectually  the  slide  must  be  heated  and  some  seahng-was  melted  ou  to  it 
and  allowed  to  cool.  The  ^lass  tube  is  then  made  hot  and  applied  to  the 
slide,  embedding  itself  as  it  does  so  in  the  sealing-wax.     Apply  a  ring 


above  the 
Make  a  deep  notch  in  the 
Place  a  drop   of  water 


the  least  possible  qimntity  of 
the  putty  ring,  and  presa  it  gently 


Colmnnar  epittaeliniu  — The  cella  of  a  columnar  epithelium  (fig.  62) 
I  are  prismattr-  columns  which  are  set  closely  side  hy  aide,  so  that  when 
L  from  the  Burfflce  a  mosaic  appearance  ia  produced.     They  often 
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taper   somewhat   towards   their  attached   end,    which    is    generally 
truncated,  and  set  upon  a  basement  membrane.     Their  free  eur&ce  is 


=uolKl«d,  end  one  pf  the™  hM  a  (it-globule  ttdlioMna  to  It  near  Its  attached 
:  striated  botder  (ilr)  1b  weU  seen,  and  the  bright  diek  sepsrstiog  It  from 

iwtlon  of  the  mW  which  probablr  fitted  between  tno'adjacent  cells. 


FlO.  64. 
FlQ.  64.— A  COLUHNAH 


|M.  He[deDba 
{M.  Heidenhain.) 


FlO.  66.— ClLIATBD 


covered  by  a  thick  striated  border  (fig.  63,  str.)  which  may  sometimes 
become  detached  in  teased  preparations.  The  protoplasm  of  the  cell 
is  highly  vacuolated  and  reticular,  and  fine  longitudinal  stride  may  be 
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seen  in  it,  which  appear  continuous  with  the  strise  of  the  free  border. 
Between  the  striated  border  and  the  protoplasm  of  the  cell  ia  a  highly 
refracting  diBk  which  contains  fine  dumb-beli  shaped  particles  set 
vertically,  connected  below  with  the  fibrils  or  atriie  which  run  through 
the  cell  protoplasm  (fig.  64,  65).  It  has  been  suggested  that  these 
particles  are  formed  by  multiplication  of  the  centrosome,  but  the 
fact  cannot  be  regarded  as  established.  The  nucleus  ia  ovoid  and 
reticular.  The  lateral  borders  of  the  cells 
are  often  somewhat  irregular  or  jagged, 
the  result  of  the  presence  of  amceboid 
cells,  which  are  generally  found  between 
the  columnar  cells,  at  least  in  the  intes- 
tine. After  a  meal  containing  fat  the 
epithelium-cells  of  the  small  intestine  con- 
tain fat  globules,  which  become  stained 
black  in  osmic  preparations. 

Columnar  epithelium -cells  are  found 
lining  the  whole  of  the  interior  of  the 
stomach  and  intestines :  they  are  also 
present  in  the  ducts  of  most  glands,  and 
sometimes  also  in  their  secreting  tubes 
and  saccules.  The  epithelium  which 
covers  the  ovary  is  also  of  a  modified 
columnar  shape,  but  cells  having  all  the 
structural  peculiarities  indicated  above 
are  found  only  in  the  alimentary  canal 
and  in  its  diverticula. 

Ooblet-cells.  —  .Some  of  the  cells  of  a 
columnar   epithelium,   and   also   cells   of 
glandular,  ciliated,  and  transitional  epi- 
thelia,    contain   mucigen,    which    is    laid 
down   within    the   cell    in   the  form  of 
granules  (fig.  65,  fig.  66,  m\  m^ ;  fig.  67).     These  granules 
swell  up  to  form  globular  masses  which  may  run  together  a 
distend    the    part   of  the   cell    nearest  the  free   border, 
mucigen  is  extruded  as  mueua  the  cell  takes  the  form  i 
cup  or  chalice  (fig.  66,  m'),  hence  the  name. 

These  gobhl-cells,  or,  us  they  are  more  appropriately  termed,  mvcns- 
se-a'fiing  cells,  are  probably  not  mere  temporary  modifications  of  the 
ordinary  columnar  and  ciliated  cells  amongst  which  they  are  found,  but 
permanently  differentiated  cells,  which,  after  having  got  rid  of  their 
mucus  by  extrusion,  again  form  a  fresh  supply  in  the  same  way  as   | 
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s  eventually 

i  greatly 

^Vhen   the 

f  an  open 
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before.  In  the  gastric  mucous  membrane  all  the  surface  epithelium  is 
composed  of  mucus-secreting  cells,  and  they  extend  also  into  the  mouths 
of  the  glands.  In  the  large  intestine  also  most  of  the  cells  both  of  the 
surface  and  in  the  glands  are  gobIet«ells.  According  to  the  observations 
of  Carlier  those  of  the  gastric  mucous  membrane  are  connected  together 
laterally  by  protoplasmic  fibres. 

Ciliated  epithelium.  —  The 
il.  '■("[■■i  cells  of  a  ciliated  epithrfium  are 
'  '  usually  columnar  in  shape  (figs. 
66,  68),  but  in  place  of  the 
striated  border  of  the  ordinary 
columnar  cell  the  free  surface  is 
surmounted  by  a  bunch  of  fine 
tapering  filaments  {vibraHls  cUia), 
which,  during  life,  move  spon- 
taneously to  and  fro,  and  serve 
to  produce  a  current  in  the  fluid 
which  covers  them.  The  border 
upon  which  the  cilia  are  set  is 
bright  in  the  living  condition : 
after  fixation  it  appears  formed 
of  little  juxtaposed  knobs  or  basal 
particles,  to  each  of  which  a 
c ilium  is  attached. 


l'A^,^7 


I        \ '  yi  In  the  large  ciliated  cells  which 

line  the  alimentary  cacal  of  some 
molluscs  (figs.  68,  70),  and  with  less 
distJDctneas  iii  the  ciliated  cells  of 
vertebrates,  the  knob  at^j  be  ob- 
served to  be  prolonged  into  the 
protoplasm  of .  the  cell  as  a  fine 
varicose  filament,  termed  the  rootlal 

in  the  tail  of  the  spermatozoon  (which  is  commonly  regarded  as  a  ciliom) 
is  developed  in  connection  with  the  centrosome,  it  has  been  supposed 
that  the  cilia  of'an  ordiaary  ciliated  cell  may  also  be  outgrowths  from 
the  (multiplied)  centroaome.  But  although  it  may  be  the  case  that  the 
basal  particles  are  formed  by  the  division  of  the  centrosome  of  the  cell,  in 
which  case  the  rootlets  may  represent  the  fibrils  of  archoplasm  which 
radiate  from  the  centrosome  of  such  a  cell  as  the  white  corpuscle  (fig.  9),  it 
appears  not  to  be  true  that  the  cilia  are  developed  from  these  basal  par- 
ticles, for  the  cilia  sometimes  appear  before  the  basal  particles.  In  plant 
spores,  which  have  no  centrosomes,  the  cilia  are  developed  from  araceboid 
processes  of  the  ectoplasm  of  the  cell  (Strassburger).  Similar  basal  particles 
and  longitudinal  fibrils  are  found  in  columnar  cells  (pp.  62,  63),  and  these 
are  prombly  homologous  with  the  knobs  and  rootlets  of  the  ciliated  cell, 
while  the  bunch  of  cilia  of  the  latter  is  represented  by  the  striated  border 
of  the  columnar  cell. 
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Schuberg  haa  described  in  the  cilia  of  certain  iuf  uaoria  aD  end-piece  which 
•tains  differently  from  the  reat  of  the  ciliuui  (tig  71). 

The  action  of  cilia.— When  in  motion  a  cilium  is  bent  (juickly  over 
in  one  direction  with  a  lashing  whip-like  movement,  immediately 
iecovering  itself.  When  vigorous  the  action  is  bo  rapid,  and  the 
rhythm  so  frequent  (ten  or  raoi'e  times  in  a  second),  that  it  is  im- 


possible to  follow  the  motion  with  the  eye.  All  the  cilia  upon  a 
filiated  surface  are  not  in  action  at  the  Bame  instant,  but  the  move- 
nent  travels  in  waves  over  the  surface.  If  a  cell  is  detached  from 
,he  general  sui'face,  its  cilia  continue  to  act  for  a  while,  but  their 
movement  at  once  ceases  if  they  are  detached  from  the  cell.  If, 
however,  a  portion  of  the  cell  protoplasm  is  detached  with  them, 
Shey  will  continue  to  move  for  a  time. 
The  rhythm  is  slowed  by  cold,  quickened  by  warmth;  but  heat 
E 
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beyond  a  certain  point  kills  the  cells.  The  movement  will  continue 
for  some  time  in  water  deprived  of  oxj^gen.  Both  COg  gw  and 
ether  and  chloroform  vapour  arrest  the  action,  but  it  recommences 
on  restoring  air,  if  their  action  is  not  too  prolonged.  Dilute  alkaline 
solutions  quicken  the  activity  of  cilia,  or  may  even  restore  it  shortly 
after  it  has  ceased. 

Theories  of  ciliary  action. — Various  attempts  have  been  made  to  explain 
the  manner  in  which  cilia  act.  One  hypothesis  supposes  that  one  side  only 
of  each  cilium  is  contractile,  the  other  side  being  elastic,  or  that  there  is  a 
more  rigid  but  elastic  axis  and  a  contractile  covering.  This  supposition  is 
negatived  by  the  fact  that  in  heat  rigor  the  cilia  are  not  bent  over  as  they 
would  be  by  the  contraction  which  always  accompanies  rigor,  but  stand  up 
straight.  It  is  moreover  impossible  to  suppose  that  a  soft  structure  like  a 
cilium  could  be  bent  over  in  a  uniform  gentle  curve  by  contraction  along  one 
side ;  such  contraction  could  only  produce  shortening  and  wrinkling  of  the 
cilium,  effects  which  are  never  observed.  Another  hypothesis  assumes  that 
the  projecting  cilia  are  set  in  action  by  rhythmic  lateral  contractions  in  the 
protoplasm  ;  which,  by  moving  the  rootlets,  cause  the  cilia  to  bend  over  as  a 
whip  is  bent  by  movements  of  the  wrist  applied  to  its  handle.  But  this 
again  implies  an  amount  of  rigidity  which  cilia  do  not  possess,  for  it  must 
be  borne  in  mind  that  they  have  to  overcome  the  resistance  of  fluid,  and  of 
fluid  which  is  in  many  cases  highly  viscous. 

If  in  our  ignorance  of  the  structure  of  the  individual  cilia  we  are  to  form 
an  idea  as  to  the  cause  of  the  rhythmical  bending  over  of  these  minute  cell 
processes,  the  simplest  hypothesis  appears  to  be  to  assume  that  they  are 
curved  flattened  hollow  filaments,  the  interior  communicating  with  the  cell- 
protoplasm.^  If  this  is  the  case,  then  rhythmical  variations  of  pressure 
within  the  cell-protoplasm,  which  might,  as  in  the  case  of  amoeboid  move- 
ments, be  cauaea  by  alterations  in  surface  tension,  would  be  transmitted  to 
the  cilia  and  wouM  cause  the  curve  to  open  out,  and  again  to  assert  itself, 
according  to  the  degree  of  tension  within  the  tubular  filament.  Such  action 
can  be  imitated  with  a  fine  curved  and  flattened  indiarubber  tube  attached 
to  a  pressure  bag.  Any  increase  of  pressure  within  the  tube  causes  it  to 
straighten  out ;  on  again  decreasing  the  pressure  the  tube  bends  over 
exactly  in  the  manner  of  a  cilium.  This  hypothesis  has  the  advantage  oyer 
the  others  which  have  been  ofi'ered  that  it  explains  the  movements  of  cilia 
on  a  theory  which  is  precisely  similar  to  that  which  gives  the  most  probable 
explanation  of  amoeboid  movements  of  protoplasm,  viz.,  that  they  are  due 
to  variations  in  surface  tension,  and  it  thus  brings  these  two  forms 
of  protoplasmic  activity  into  line  with  one  another.  It  will  presently  be 
shown  that  the  changes  which  occur  in  muscle  in  contraction  are  suscep;- 
tible  of  a  similar  explanation. 

^  All  cilia  and  cilium-like  structures  (flagella)  which  are  sufficiently  large^  to 
show  any  structural  differentiation,  exhibit  an  external  membranous  covering 
and  a  clear  and  usually  structureless  contents,  but  the  minute  size  of  ordinary 
cilia  prevents  one  from  determining  whether  this  is  also  the  case  with  them. 
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AREOLAR  AND   ADIPOSE  TISSUE.     RETIFORM   TI8SUR. 

1.  Take  a  littln  of  the  subcutaneous  tissue  or  of  the  intermnacular  cnniieetire 
fuBn»  of  a.  rabbit  or  guinea-pig  aud  spread  it  oat  with  needles  on  a  dry  slide 
Snto  a  lat^e  thin  Glm.  Keep  the  centre  moist  by  uccasioually  breatbioe  on 
it,  but  allotr  tlie  edges  to  dry  to  the  slide.  Before  commencing  put  a  drop 
pf  salt  Holntion  on  a  cover-glaaa,  and  now  invert  this  over  the  film.  Eitamine 
^th  a  high  power.  Sketcu  one  or  two  bundles  of  white  fibre's  and  also  one 
or  two  elastic  fibres,  distinguishable  from  the  former  by  their  sharp  outline, 
iaoiated  conrse,  and  by  their  branching.  Sketch  also  one  or  more  connective- 
tissue  corpuscles,  it  any  such  are  viaibls  in  the  clear  interspaces.  Look  also 
for  migratory  cells  (leucocytes).  Next  carefully  remove  the  cover-glass  and 
jvplace  the  salt  solution  by  dilute  acetic  acid  (1  per  cent.).  Watch  its  effect 
in  swelling  the  white  fibres  aud  bringing  more  clearly  into  view  the  elastic 
'fibres  and  corpusclea.     Look  for  constricted  bundles  of  white  fibres. 

2.  Make  another  very  thin  film  in  the  same  way,  but  allow  to  dry  com- 
iipletely.  Pour  over  the  film  a  1  per  cent,  solution  of  magenta  in  bO  per  cent. 
Igucohol,  to  which  I  drop  per  cubic  centimeter  of  a  1  per  cent,  eolution  of 

gentian  violet  in  alcohol  has  just  been  added.  After  one  minute  drain  thia 
off,  wipe  round  the  specimen  and  allow  the  remainder  of  the  staining  solution 
to  dry  ou  the  film.  When  completely  dry  mount  in  dammar.  T^e  elastic 
fibres  are  deeply  stained  ;  the  cells  are  also  well  shown. 

3.  Prepare  another  film  of  the  aubcutarteoue  tiasue,  including  a  little 
adipow  tissue.  Fin  by  pouring  over  it  tormol  (10  p.c.)  and  leave  this  in 
QOntact  with  the  film  for  SO  minutes.  Wash  with  water  and  stain  with 
aatarated  solution  of  Sudan  III.  or  Scharlach  B.  in  75  p.c  alcohol  ;  wash 
with  75  p.c  alcohol  U)  remove  stain  from  everything  eicejit  fat,  then  wash 

%ith  water  and  stain  with  dilute  htematoxylin.  Mount  in  glycerine  and 
tter.  Examine  first  with  a  low  and  afterwards  with  a  higli  power.  The 
tt  ia  well  brought  out  by  the  Sudan  IIL  or  Sebarlach  R.  stain  ;  if  the 
iparation  ia  from  a  young  animal,  fat^cells  will  be  found  in  process  of 
irmation.     Measure  and  sketch  two  or  three  of  the  cells. 

without  prior  fixation,  by  treatment  with 

4.  Spread  out  another  large  film  of  connective  tissue,  letting  its  edges  dry 
I  to  the  slide,  but  keeping  the  centre  moist  by  the  breath.  Place  ou  ita  centre 
I  a  large  drop  of  nitrate  of  silver  soln'ion  (I  per  cent.).  After  five  minutes 
'  Wash   thin  away  with  distilled  water,  and  expose  to  direct  sunlight  until 

gtaised  brown.  Now  allow  the  film  to  dry  completely,  aud  cover  it  iu 
damniar  varniah  or  Caimda  balsaui  dissolved  in  xylol.  Sketch  the  outlines 
of  two  or  three  of  tlie  cell-spaces. 

5.  To  display  retiform  tieiiue  the  fallowing  method  is  recommended 
(Spalteholz).    Place  a  piece  of  the  organ  {e.g.  lymphatic  gland)  for  twenty- 
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four  hours  or  more  in  alcohol,  then  overnight  at  38**  C.  in  a  1  per  cent, 
solution  of  carbonate  of  soda  to  which  a  few  drops  of  a  solution  containing 
trypsin  have  been  added.  Cautiously  transfer  the  semi-digested  structure 
to  alcohol  again,  and  leave  it  for  a  few  hours.  Embed  in  paraffin  in  the 
usual  way  and  stain  the  sections  with  iron  haematoxylin.  The  fibrils  of 
connective  and  retiform  tissue  are  the  only  structures  which  have  remained 
undigested  and  they  are  deeply  coloured  by  the  haematoxylin. 

The  connective  tissues  include  areolar  tissue,  adipose  tissue,  elastic 
tissue,  fibrous  tissue,  reticular  and  lymphoid  tissue,  cartilage  and  hone. 
All  these  tissues  agree  in  certain  microscopical  and  chemical  characters. 
They,  for  the  most  part,  have  a  large  amount  of  intercellular  substance 
in  which  fibres  are  developed,  and  these  fibres  are  of  two  kinds — white 
and  yellow  or  elastic.  Moreover,  there  are  many  points  of  similarity 
between  the  cells  which  occur  in  these  tissues ;  they  are  all  developed 
from  the  same  embryonic  formation,  and  they  tend  to  piass  imper- 
ceptibly the  one  into  the  other.  Besides  this,  the  use  of  these  several 
tissues  is  similar;  they  mostly  serve  to  connect  and  support  the 
other  tissues,  performing  thus  a  passive  mechanical  function.  They 
may  therefore  be  grouped  together,  although  difiering  considerably 
in  external  and  even  in  microscopic  characters.  Of  the  connective 
tissues,  however,  there  are  three  which  are  so  intimately  allied  as 
to  be  naturally  considered  together,  being  composed  of  exactly  the 
same  elements,  although  differing  in  the  relative  development  of  those 
elements  :  these  are  the  areolar,  elastic,  and  fibrous  tissues.  Adipose 
tissue  and  reticular  tissue  may  both  be  looked  upon  as  special  modi- 
fications of  areolar  tissue.  Areolar  tissue  being  the  commonest  and, 
in  a  sense,  the  most  typical,  its  structure  may  be  considered  first. 

Areolar  tissue. — The  areolar  tissue  presents  to  the  naked  eye  an 
appearance  of  fine  transparent  threads  and  laminae  which  intercross  in 
every  direction  with  one  another,  leaving  intercommunicating  meshes, 
or  areolae,  between  them.  When  examined  with  the  microscope,  these 
threads  and  fibres  are  seen  to  be  principally  made  up  of  wavy  bundles  of 
exquisitely  fine  transparent  fibres  {white  fibres,  fig.  73,  A).  The  bundles 
run  in  different  directions,  and  may  branch  and  intercommunicate  with 
one  another  (fig.  75);  but  the  individual  fibres,  although  they  pass  from 
one  bundle  to  another,  never  branch  or  join  other  fibres.  The  fibres 
are  cemented  together  into  the  bundles  by  a  clear  substance  containing 
mucin,  and  the  same  clear  material  forms  also  the  basis  or  ground- 
substance  of  the  tissue,  in  which  the  bundles  themselves  course,  and  in 
which  also  the  corpuscles  of  the  tissue  lie  embedded.  This  ground- 
substance  between  the  bundles  can  with  difficulty  be  seen  in  the  fresh 
tissue  on  account  of  its  extreme  transparency ;  but  it  can  be  brought  to 
view  by  staining  with  nitrate  of  silver,  as  in  §  4.     The  whole  of  the 
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with  acetic  acid,  and  after  staining  with  magenta,  or,  in  sections, 
with  orcein ;  but  they  can  be  detected  also  in  the  fresh  preparation. 
They  are  characterised  by  their  distinct  outline,  their  straight  course, 
the  fact  that  they  never  run  in  bundles,  but  singly,  and  that  they 
branch  or  join  neighbouring  fibres.  If  broken  by  the  needles  in 
making  the  preparation,  the  elastic  recoil  causes  them  to  curl  up, 
especially  near  the  broken  ends.  Besides  these  histological  differ 
ences,  the  two  kinds  of  fibres  differ  also  in  their  chemical  characters. 
Thus  the  white  fibres  are  formed  of  a  material  (collagen)  which  is  dis- 
solved by  boiling  in  water  yielding  gelatin,  and  by  peptic  digestion, 
but  is  not  dissolved  by  tryptic  digestion ;  whereas  the  substance  of 
which  the  elastic  fibres  are  composed  (elastin)  resists  for  a  long  time 
the  action  of  boiling  water  and  peptic  digestion,  although  it  is  dis- 
solved  by  tryptic  digestion.     Moreover,  the  white   fibres  swell  and 


Fig.  74. — A  white  bundle  swollen  by  acetic  acid.    From  the  subarachnoid 

TISSUE  AT  THE  BASE  OF  THE  BRAIN.      (Toldt.) 

become  indistinct  under  the  action  of  acetic  acid ;  the  elastic  fibres 
are  unaltered  by  this  reagent.  Elastic  fibres  appear  to  have  a  sheath 
which  is  more  resistant  to  reagents  than  the  rest  of  the  fibre. 

The  bundles  of  white  fibres  which  have  been  swollen  out  by  acid 
sometimes  exhibit  constrictions  at  irregular  intervals  (fig.  74).  These 
are  in  many  instances  due  to  elastic  fibres  coiling  round  the  white 
bundles. 

The  cells  of  areolar  tissue. — Several  varieties  of  connective  tissue 
cells  are  distinguished,  viz. :  (1)  Lamellar  cells,  which  are  flattened 
and  often  branched  (fig.  75,  c,  c')  and  may  be  united  one  to  the 
other  by  their  branches,  as  in  the  cornea.  Sometimes  they  are 
unbranched  and  may  lie  along  the  fibril-bundles  and  even  themselves 
show  a  fibrillar  appearance.  Some  authors  have  inferred  from  this 
that  these  cells  are  transformed  into  white  fibril-bundles  and  have 
termed  them  '*  fibroplasts  " ;  but  the  fibrillation  which  they  exhibit  is 
not  of  the  same  character  as  that  of  the  white  fibres,  and  is  pro- 
bably a  form  of  cytomitome,  such  as  is  seen  in  many  protoplasmic 
cells.      In    certain    situations    the    lamellar    connective-tissue    cells 
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are  greatly  flattened  out,  especially  when  they  lie  upon  the  Bur&ce  of 
aponeuroses  and  they  are  there  joined  edge  to  edge  like  the  colls  of  an 
endothelium  (fig.  76.  The  apparent  cell-spaces  in  silver  preparations 
have  of  course  in  all  cases  a  similar  arrangement  to  that  of  the  cells). 
(2)  Plasma  cells  (fig.  75,  j>),  which  are  composed  of  a  soft  much- 
vacuolated  protoplasm,  rarely  flattened,  but  otherwise  varying 
greatly  in  shape  and  size.  (3)  Granular  cells  (g)  {Mast-zelUn  of  Ehrlich, 
dasmatocytes  of  Ranvier),  usually  spheroidal  or  ovoidal  in  shape,  and 
formed,  like  the  plasma-cells,  of  soft  protoplasm,  but  thickly  occupied 
with  albuminous  granules,  which  are  deeply  stained  by  gentian  violet 


From  t.  photoi 

f.g.  titglobule  distending  a  (tt-cell ;  n.  nucleue :  n>,  membronaua  envelope  of  the  tat- 
oell ;  5.  r.  bunch  ol  crysluls  within  a  fat-cell ;  a,  capillary  vessel ;  ti,  venule  ;  c.t.  con- 

and  by  other  basic  aniline  dyes.  (4)  Migratory  leucocytes  may  also  be 
seen  here  and  there  in  the  areolar  tissue  {■wander-cells).  (5)  In  the  middle 
coat  of  the  eye  in  mammals,  and  in  some  parts  of  the  skin,  some  of  the 
connective-tissue  cells  are  filled  with  granules  of  pigment  {pigmmt-cells). 

These  are  much  more  eitenaively  present  in  lower  vertebrates,  especially 
in  amphibia  and  fishes,  where  thej  exhibit  amceboid  changes  which  result  in 
the  pigment  being  at  one  time  diffused  over  a  considerable  area  and  at 
another  time  restricted  to  the  immediate  neighbourhood  of  tlie  nucleus. 
The  changes  thus  produced  cause  alteration  in  the  general  colour  and  shade 
of  the  integument,  where  such  pigment  cells  are  very  numerous,  and  serve 
the  purpose  of  protective  adaptation  of  the  animals  to  their  environment. 

The  cells  lie  in  spaces  in  the  ground-substance,  between  the  bundles 
of  white  fibres.      In    some  parts  of  the  connective  tissue  the  white 
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bundles  are  developed  to  such  an  extent  as  to  pervade  almost  the 
whole  of  the  ground- substance,  and  then  the  conneetive-tiasue  corpuscles 
become  squeezed  into  the  interstices,  flattened  lamellar  expansions  of 
the  cells  extending  between  the  bundles,  aa  in  tendon  (see  next  Leaaon). 


'^^P 


PiQ.  78.— Deposition  or  ka' 

RihibltiuK  any  faC-depDeitlDii ;'  ct.,  flat  connectlve-tlaBue  mi^uacle ;  v,  c,  network  gf 
capllIariM, 

The  cells  and  cell-spaces  of  areolar  tissue  come  into  intimate  relation 
with  the  ceils  lining  the  lymphatic  vessels  and  small  blood-vessels. 
This  connection  can  best  be  seen  in 
silvered  preparations ;  it  will  be 
aj^ain  referred  to  in  speaking  of  the 
origin  of  the  lymphatics. 

Adipose  tissue  consists  of  vesicles 
filled  with  fat  (figs.  77,  79)  and 
collected  into  lobules,  or  into  tracts 
which  accompany  the  small  blood- 
vessels. The  vesicles  are  round 
or  ovaJ  in  shape,  except  where 
closely  packed,  when  they  become 
polyhedral  from  mutual  compres- 
sion. The  fat-drop  is  contained  with- 
in a  delicate  protoplasmic  envelope 
(fig-  77,  m)  which  is  thickened  at 
one  part,  and  here  includes  an  oval 
Battened  nucleus.  The  fat  is 
stained  black  by  osraic  acid ;  a 
deep  yellow  colour  by  Sudan  III. ; 
and  an  intense  red  by  Scharlach  K. 
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The  reeicles  are  supported  partly  by  filaments  of  areolar  tisane,  btit 
chiefly  by  a  fine  network  of  capillary  blood-vessels. 

The  fat  when  first  formed  in  the  embryo  is  deposited  vitbin  large 
granular  cells  of  areolar  tissue  (fig.  78)  similar  in  general  appearance  to 
the  "  Mast  "-cells  of  Ehrlich;  some  authorities  regard  them  as  of  a  specific 
nature,  for  they  are  iti  certain  situations  collected  into  large  gland- 


like  masses  (fig.  80)  abundantly  supplied  with  blood-vessels,  which 
gradually  become  transformed  into  fat^cells  by  the  deposition  of  fat  in 
the   cell-protoplasm.     Fat  is,  however,   also  laid  down  in  ordinary 


branched  cells  of  connective-tissue.  The  fat  appears  to  be  produced 
by  a  transformation  of  albuminous  granules  which  the  cells  con- 
tain into  droplets  of  fat.     As  the  droplets  increase  in. size  they  run 
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together  into  a  larger  drop,  which  gradually  fills  the  cell  more  and 
more,  swelling  it  out  so  that  the  cell-protoplasm  eventually  appears 
merely  as  the  envelope  ol"  the  I'at-vesicle. 


Fig.  82.— Portion 


Fat  IS  found  most  ahimdantly  in  subcutaneous  areolar  tissue,  and 
under  the  serous  membranes  especially  m  some  parts,  as  at  the 
back  of  the  pentoneura  around  the  kidneys    under  the  epicardium, 


i 
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and  in  the  mesentery  and  omentum  The  yellow  marrow  of  the 
bones  ia  also  prmeipalh  composed  of  fat  There  is  no  adipose  tissue 
within  the  cavity  o(  the  cranium 

rm  or  reticular  tisane  (liga   ''1    ^2,  83)  is  a  variety  of  con- 
nective tissue  in  whii  h  the  interteliular  or  ground -substance  has  largely 
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disajipeared  or  is  replaced  by  fluid.  There  are  very  few  or  no  elastic 
fibres  in  it,  but  a  dense  network  of  white  fibres,  the  nieshea  of  which 
vary  in  size,  being  very  small  and  close  in  some  parts;  more  open 
and  like  areolar  tissue  in  other  parts.  In  some  places  where  the 
tissue  occurs  the  fibres  are  enwrapped  by  fiattened  branched  con- 
nective-tissue cells,  and  until  these  are  removed  it  is  not  easy  to  see 
the  fibres.  Chemical  differences  between  the  fibres  of  retiform  tissue 
and  those  of  ordinary  areolar  tissue  have  been  described  by  Mali,  but 
microscopically  the  fibres  of  the  two  tissues  are  indistinguiahable 
and  are  found  in  continuity  with  one  another  {see  figs.  82,  84).     This 


tissue  forms  a  fiae  tramework  in  many  organs,  supporting  the  proper 
elements  and  extending  into  all  the  interstices  between  the  coarser 
connective  tissue  bundles.  It  can  best  be  shown  by  dissolving  the 
cells  of  the  tissue  by  tryptic  digestion  and  subsequently  staining  the 
fibres  forming  the  reticulum  (p.  67,  §  ^}.  In  this  way  it  may  be  demon- 
strated in  lymph-glands,  in  the  spleen,  liver,  bone-marrow  {fig.  83), 
mucous  membranes,  and  many  other  parts. 

Lymphoid  or  adenoid  tissue  is  reticular  tissue  in  which  the  meehes 
of  the  network  are  largely  occupied  by  lymph-corpuaeles  (fig.  84). 
This  is  by  far  the  most  common  condition  of  a  retiform  tissue,  and 
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is  met  with  in  the  lymph-glands  and  allied  structures,  and  also  in 
parts  of  the  alimentary  mucous  membrane,  and  in  some  other 
situations. 

Basement-membranes  (membrancB  proprice)  are  homogeneous-looking 
membranes,  which  are  found  forming  the  surface  layers  of  connective- 
tissue  expansions  in  many  parts,  especially  where  there  is  a  covering 
of  epithelium,  as  on  mucous  membranes,  in  secreting  glands,  and  else- 
"where.  They  are  generally  formed  of  flattened  connective-tissue  cells 
joined  together  to  form  a  membrane;  but  in  some  cases  they  are 
"evidently  formed  not  of  cells,  but  of  condensed  ground-substance,  and 
in  yet  other  cases  they  are  composed  of  elastic  substance ;  the  name 
l)asement-membrane  is  therefore  used  to  denote  structures  of  an 
entirely  different  nature. 

Jelly-like  connective  tissue,  although  occurring  largely  in  the 
embryo,  is  found  only  in  one  situation  in  the  adult — viz.  forming 
the  vitreous  humour  of  the  eye.  It  is  composed  mainly  of  soft, 
fluid,  ground-substance,  with  cells  scattered  here  and  there  through 
it,  and  with  a  few  fibres  which  interlace  throughout  the  tissue  and 
confine  the  fluid  of  the  ground-substance  within  their  meshes ;  thus 
conferring  upon  the  tissue  its  jelly-like  character.  All  embryonic 
connective-tissue  is  in  the  first  instance  of  this  jelly-like  nature 
(see  p.  82). 
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LESSON  X. 

THE  CONNECTIVE  TISSUES  (continued). 

ELASTIC  TISSUE.     FIBROUS  TISSUE.     DEVELOPMENT    OF  CONNBOTIVB 

TISSUE. 

1.  Tease  out  as  finely  as  possible  a  small  shred  of  elastic  tissue  (ligamentum 
nuchse  of  the  ox  or  ligamentum  subflavura  of  man)  in  glycerine  and  water, 
slightly  coloured  by  magenta.  Cover  and  cement  the  preparation.  Note 
the  large  well-defined  fibres  constantly  branching  and  uniting  with  one 
another.  Sketch  a  small  part  of  the  network.  Note  the  existence  of 
bundles  of  white  fibres  amongst  the  elastic  fibres. 

2.  Examine  a  thin  transverse  section  of  ligamentum  nnchee  which  has 
been  hardened  in  2  per  cent,  solution  of  bichromate  of  potash.  The  section 
is  to  be  stained  with  hsemalum  and  mounted  in  Canada  balsam  or  dammar 
by  the  usual  process,  or  simply  in  glycerine  and  water.  Observe  the 
grouping  of  the  fibres  and  their  angular  shaj)e. 

3.  Pinch  off  the  end  of  the  tail  of  a  dead  mouse  or  rat,  draw  out  the  long 
silk-like  tendons  and  put  them  into  salt  solution.  Take  one  of  the  threads, 
which  should  be  nearly  three  inches  long,  and  stretch  it  along  a  slide,  letting 
the  ends  dry  firmly  to  the  glass  but  keeping  the  middle  part  wet.  Put  a 
piece  of  hair  on  either  side  and  cover  in  salt  solution.  Observe  with  a  high 
power  the  fine  wavy  fibrillation  of  the  tendon.  Draw.  Now  run  dilute 
acetic  acid  (0*75  per  cent.)  under  the  cover-glass,  watch  the  tendon  where  it 
is  becoming  swollen  by  the  acetic  acid.  Notice  the  oblong  nucleated  cells 
comiug  into  view  between  the  tendon-bundles.  Sketch  three  or  four  cells  in 
a  row.  Lastly,  lift  the  cover-glass,  wash  away  the  acid  with  distilled  water, 
place  a  drop  of  Ehrlich's  hsematoxylin  or  carmalum  solution  on  the  tendons, 
and  leave  the  preparation  until  it  is  deeply  stained  ;  then  wash  away  the 
stain  and  mount  the  preparation  in  faintly  acidulated  glycerine. 

4.  Take  another  long  piece  of  tendon,  and  after  washing  it  in  distilled 
water,  stretch  it  upon  a  slide  as  before,  fixing  the  ends  by  allowing  them  to 
dry  on  to  the  slide.  Put  a  drop  of  nitrate  of  silver  solution  (1  per  cent.) 
on  the  middle  of  the  tendon,  and  leave  it  on  for  five  minutes.  Then  wash 
off  the  silver  nitrate  with  distilled  water,  and  expose  the  slide  to  direct 
sunlight.  In  a  very  few  minutes  the  silvered  part  of  the  tendon  will  be 
brown.  As  soon  as  this  is  the  case,  dehydrate  the  tendon  with  absolute 
alcohol  in  situ  upon  the  slide,  run  off  the  alcohol,  and  at  once  put  a  drop  of 
clove  oil  on  the  preparation.  In  a  minute  or  two  the  clove  oil  can  be 
replaced  by  xylol  balsam  or  dammar  and  the  preparation  covered. 

5.  Stain,  with  magenta  solution,  a  thin  section  of  a  tendon  which  has  been 
hardened  in  70  per  cent,  alcohol.  Mount  in  dilute  glycerine  and  cement 
at  once. 

6.  For  developing  connective  tissue  study  sections  of  the  umbilical  cord 
at  different  periods.  Fix  with  formol.  Stain  with  acid  fuchsine  and 
hcematoxylin. 
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Elastic  tiBSue  is  a  variety  of  connective  tissue  in  which  the  elastic 
fibres  preponderate.  It  is  found  most  charaoteriatioally  in  the  liga- 
meatDm  nuchee  of  quadrupeds  and  the  ligamenta  subflava  of  the 
vertebrse,  but  the  connective  tissue  of  other  parts  may  also  have  a 


considerable  development  of  elastic  fibres.  It  occurs  in  an  almost 
pure  form  in  the  walls  of  the  air-tubes,  and  uniting  the  cartilages 
of  the  larynx.  It  also  enters  largely  into  the  formation  of  the  lungs 
and  of  the  walls  of  the  blood-vessels,  especially  the  arteries. 


They  often  exhibit  cross  markings  or  even  transverse  clefts. 
When  dragged  asunder,  they  break  sharply  across.  They  constantly 
branch  and  unite,  so  as  to  form  a  close  network.  In  transverse  section 
they  are  seen  to  be  separated  into  small  groups  or  bundles  (fig.  86)  by 
intervening  septa  of  areolar  tissue. 


i 
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Blaatio  tieaue  does  not  always  take  the  form  of  fibres,  but  may 
occur  08  membranea  {e.g.  in  the  blood-vessels).  Sometimes  the  fibres 
are  very  Bmail,  but  their  microstxipic  and  chemical  characters  are 
always  very  marked  (see  p.  70). 


V  Fibrous  tissue  is  almost  wholly  made  up  of  bundles  of  whit«  fibres 

I  running  in  a  determinate  dii'ection.      These  again  are  collected  into 

I  larger  bundles,  which  give  the  fibrous  appearance  to  the  tissue,     The 

■  bundles   are   constantly    uniting   with    one   another  in   their   course, 

B  although  their  component  fibres  remain  perfectly  distinct. 

^^^^^  The  interspaces  between  the  larger  bundles  are  occupied  by  areolar 


Fio.  87. — Skotion 
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liisstie  (fig.  87,  s;  fig.  88,  c,  il,  e)  in  which  the  blood-vessela  aiid 
lymphatics  of  the  fibrous  tissue  are  conveyed.  The  interatiees  between 
smallest  bundles  are  occupied  by  rows  of  lamellar  connective-tissue 


Fig.  88.— Past  Of  a  l, 


^^^^- 


no.  89.— Tbndon 
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corpuscles  (tendon-cells),  which,  from  being  squeezed  up  between  three 
or  more  bundles,  become  flattened  out  in  two  or  three  directions.  In 
transverse  section  the  cells  appear  somewhat  stellate  (fig.  88),  but 
when  seen  on  the  flat  they  appear  lamellar  (fig.  89),  and  from  this 
aspect  their  general  shape  is  square  or  oblong.  They  lie,  as  before 
said,  in  rows  between  the  tendon-bundles,  and  the  nuclei  of  adjacent 
cells  are  placed  opposite  one  another  in  pairs  (fig.  90).  The  cell-spacea 
correspond  in  general  figure  and  arrangement  to  the  cells  which  occupy 
them. 

Fibrous  tissue  forms  the  tendons  and  ligaments,  and  also  certain 
membranes,  such  as  the  dura  mater,  the  fibrous  pericardium,  the 
fasciae  of  the  limbs,  the  fibrous  covering  of  certain  organs,  etc.  It  is 
found  wherever  great  strength,  combined  with  flexibility,  is  concerned. 
It  receives  a  few  blood-vessels,  disposed  longitudinally  for  the  most 
part,  and  contains  many  lymphatics.  Both  blood-vessels  and  lymphatics 
run  in  the  areolar  tissue  which  separates  and  surrounds  the  tendon- 
bundles.     Tendons  and  ligaments  also  receive  nerve-fibres,  which,  in 


Fig.  90. — ^Bight  cells  from  the  same  tendon  as  represented  in  fig.  89. 

(425  diameters.) 

The  dark  lines  on  the  surface  of  the  cells  are  the  optical  sections  of  lamellar  extensions 

directed  towards  or  away  from  the  observer. 

some  cases,  end  in  localised  ramifications  within  fusiform  enlargements 
of  the  tendon-bundles  (organs  of  Golgi),  while  others  terminate  in 
end-bulbs  or  in  simple  Pacinian  corpuscles.  These  will  be  described 
along  with  the  modes  of  ending  of  nerve-fibres. 

Development  of  connective  tissue. — Connective  tissue  is  developed 
in  and  from  the  cells  of  the  mesoderm  (mesenchyme)  of  the  embryo. 
In  those  parts  which  are  to  form  connective  tissue,  there  may 
frequently  be  seen  a  clear  space  separating  the  cell-layers  which  aro 
already  formed,  this  clear  space  being  permeated  with  fibres  which 
appear  to  be  produced  from  the  cells  bounding  the  space.  Presently 
branching  mesenchyme  cells,  which  are  derived  from  the  bounding  cell- 
layers,  are  found  forming  a  syncytium  within  the  clear  space  (fig.  91,  m). 
In  the  meshes  of  the  reticular  syncytium  is  a  muco-albuminous  semi- 
fluid intercellular  substance  (ground-substance).  The  connective-tissuo 
fibres,  both  white  and  elastic,  are  deposited  in  this  ground-substance, 
the  elastic  substance  appearing  in  the  form  of  granules  (fig%  95,  g), 
which   subsequently  become  connected  together  into  elastic  fibres  or 
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laminie,  as  the  case  may  be,  the  white  fibres  appearing  at  first  in 
the  form  of  very  fine  bundles,  which  afterwards  become  gradually 
larger  (fig.  93);  so  that  in  fibrous  tissue  the  whole  ground-substance 
ia  eventually  pervaded  by  the  bundles,  aod  the  cells  of  the  tissue 
become  squeezed  up  into  the  intervals  between  them.  Before  any 
considerable  development  of  fibres  has  taken  place,  the  embryonic 
connective  tissue  baa  a  jelly-like  appearance ;  in  this  form  it  occurs 
in  the  umbilical  cord,  where  it  is  known  as  the  jelly  of  Whaiion 
(8g.  94). 

There  has  been  always  a  considerable  difference  of  opinion  as  to  the 
origin  of  the  fibres  of  connective  tissue,  some  histologists  holding  that 
they  are  formed  within  the  protoplasm  of  cells,  which  gradually  lose 


Fio.  IB.— Dbvblopmbnt 

(Kanvier.) 

g,  flbm  being  formsd  of  towb  of  '  elastla '  graaulea ;  p,  SsC  pUt<-like  expulsion  of 
fllastlc  aubatance  formed  by  tbe  fusion  of  '  elaatln '  granuleB, 

their  cell-characters  as  the  fibres  become  developed  within  them; 
others  taking  the  view  that  the  fibres,  both  white  and  elastic,  are 
extracellular  formations.  While  there  is  no  doubt  that  they  are 
produced  under  the  influence  of  the  cells,  for  they  first  appear  in 
close  proximity  to  those  structures,  it  seems  on  the  whole  probable 
that  the  fibres  are  deposited  in  the  ground-substance  and  not  actually 
in  the  cell-protoplasm,  so  that  they  are  rather  to  be  looked  upon,  like 
the  ground-suhatance  itself,  as  formed  by  a  process  of  secretion  than 
by  one  of  direct  cell-tnuisformation. 
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LESSON    XI. 

THE  CONNECTIVE  TISSUES  {continued), 

ARTICULAR  CARTILAGE.      SYNOVIAL  MEMBRANES. 

1.  Cut  two  or  three  very  thin  tangential  slices  of  the  fresh  cartilage  of  a 
joint,  mount  them  in  salt  solution,  and  examine  with  the  hieh  power. 
Observe  the  form  and  grouping  of  the  cells.  Look  at  the  thin  edge  of  the 
section  for  spaces  from  which  the  cells  have  dropped  out.  Measure  two  or 
three  cells  and  their  nuclei,  and  sketch  one  or  two  groups.  Now  replace 
the  salt  solution  by  water  and  set  the  preparation  aside  for  a  little  while. 
On  again  examining  it,  many  of  the  cartilage  cells  will  be  found  to  have 
retracted  away  from  their  containing  capsules. 

2.  Make  other  sections  of  the  cartilage  (1)  from  near  the  middle,  (2)  from 
near  the  edge.  Place  the  sections  for  two  or  three  minutes  in  acetic  acid 
(1  per  cent.),  wash  them  with  water,  and  stain  with  dilute  hsemalum  or 
carmalum  solution.  When  stained  mount  in  dilute  glycerine  and  cement 
the  cover-glass.     In  (2)  look  for  branched  cartilage  cells. 

3.  Study  vertical  sections  of  articular  cartilage  from  an  end  of  bone 
which  has  been  fixed  and  decalcified,  and  mount  the  sections  in  glycerine 
and  water,  or,  after  staining  with  haemalum,  in  dammar  or  xylol  balsam. 
Sketch  the  arrangement  of  the  cells  in  the  diflferent  layers. 

4.  Brush  a  fresh  joint  with  distilled  water ;  drop  1  per  cent,  nitrate  of 
silver  solution  over  it ;  after  five  minutes  wash  away  the  nitrate  of  silver 
and  expose  in  water  to  direct  sunlight.  When  browned,  place  in  spirit  for 
half  an  hour  or  more,  and  then  with  a  razor  wetted  with  spirit  cut  thin 
sections  from  the  surface  and  mount  in  xylol  balsam  or  dammar  after  passing 
through  clove  oil.  The  cells  and  cell-spaces  show  white  in  the  brown 
ground-substance. 

5.  To  study  the  structure  of  the  synovial  membrane  mount  other  slices 
from  the  silvered  preparation  of  the  joint  (§  4)  just  beyond  the  limits  of 
the  articular  cartilage,  and  also  look  for  small  fringed  projections  of  the 
membrane.     Snip  them  off  with  scissors  and  mount  as  before. 

6.  The  superficial  flexor  tendons  of  the  foot  of  the  ox  or  sheep  run  in 
grooves  formed  by  the  deep  flexors,  and  these  grooves  are  lined,  and  the 
tendons  which  pass  through  them  are  covered  by  vaginal  synovial  mem- 
branes. To  show  the  structure  of  these  treat  one  of  the  superficial  flexor 
tendons  with  silver  nitrate  in  the  manner  recommended  for  the  joint,  §  4, 
and  after  hardening  in  spirit  cut  sections  from  the  surface  and  mount  them 
in  balsam  or  dammar  varnish. 


Cartilage  or  gristle  is  a  translucent  bluish-white  tissue,  firm,  and  at 
the  same  time  elastic,  and  for  the  most  part  found  in  connection  with 
bones  of  the  skeleton,  most  of  which  are  in  the  embryo  at  first  repre- 
sented entirely  by  cartilage.     Three  chief  varieties  of  cartilage  are 


I  costal  c&rhlaqe  It  also  forms  the  cartilages  of  the  nose,  of  the 
mctemal  auditory  meatus  (but  not  the  pinna),  most  of  those  of  the 
larynx,  and  the  cartilages  of  the  windpipe ;  in  these  places  ic  serves 
to  maintain  the  shape  and  patency  o(  the  orifices  and  tubes. 

Articular  cartilage  — The  cells  of  articular  cartilage  are  generally 
■pattered  in  groups  of  two  or  four  thionghout  the  matrix  (fig,  90). 
The  latter  is  free   from  obvious  hbres    except  at  the  extreme  edge 

f  the  cartilage,  where  the  connective-tissue  fibres  from  the  synovial 
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membrane  extend  into  it;  and  here  also  the  cartilage- cells  are  often 
branched,  and  offer  tranBJtions  to  the  branched  connective-tiBBue 
corpuscles  of  that  membrane  (transitional  cartilage,  fig.  97).  By  long 
maceration  in  brine,  however,  evidence  of  a  fibroufi  structure  may  be 


(About  310  diftmeten.) 


o,  ordlnBTjr  tarttlsge-c 


obtained,  even  in  the  matrix  of  true  hyaline  cartilage.  Some  his- 
tologiste  also  describe  fine  communications  in  the  matrix  uniting  the 
cartilage-cells  with  one  another,  but  these  are  of  doubtful  occurrence  in 
vertebrate  cartilage,  although  they 
unquestionably  exist  in  the  cartilage 
of  cephalopods. 

The  matrix  immediately  around 
tlie  cartilage-cells  is  often  marked 
off  from  the  rest  by  a  concentric 
line  or  lines,  this  part  of  the  matrix, 
which  is  the  latest  formed,  being 
known  as  the  capsule  of  the  cell 
(fig.  98).  The  cells  are  bluntly 
angular  in  form,  the  sides  opposite 
to  one  another  in  the  groups  being 
generally  flattened.  The  proto- 
plasm is  very  clear,  but  it  may 
contain  droplets  of  fet;  and  with  a  high  power  fine  interhicing 
filaments  and  granules  have  been  observed  in  it.  During  life  the 
protoplasm  entirely  fills  the  cavity  or  cell-space  which  it  occupies  in 
the  matrix;  but  after  death,  and  in  consequence  of  the  action  of  water 
and  other  agents,  it  tends  to  shrink  away  from  the  capsule.  The 
nucleus  is  round,  and  shows  the  usual  intranuclear  network. 


;  I,  abrllB  Id  c 


In  vertic^  section  (fig.  99)  the  deeper  cell  groups  (c)  a 
I  arranged  vertically  to  bbe  surface,  the  more  superRcial  ones  (a)  parallel 
\  to  the  surface ;  whilst  in  an  intermediate  zone  the  groups  are  irregn- 


I  Tarly  disposed  (i).  In  the  deepest  pa  t  of  the  ca  t  lage  nex  o  the 
f  lone,  there  is  often  a  depos  to  a  ca  eous  sal  s  n  the  matr  x  (a  /<  led 
I  cartilage,  d). 

The  disposition  of  the  eel  a  of  ca  t  age  n  groups  oi  two  four  a  ght, 
etc.,  is  apparently  due  to  the  fa  t  that  these  g  oupg  have  onginated 
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into  two,  and  these  again  into 
II  of  the  cartilage-ceil,  tike  that 


from  the  division  of  a  single  cell  fit 
two,  acd  so  on  (fig.  100),  The  divi 
of  most  other  cella,  is  mitotic. 

It  would  seem  that  the  matrix  is  formed  of  auccesaive  portions, 
which  are  deposited  around  each  cartilage-cell  as  the  so-called 
'capsules,'  each  newly  formed  portion  soon  blending  in  its  turn  with 
the  previously  formed  matrix,  whilst  a  new  capsule  is  formed  within  it. 
The  most  newly  formed  portions  of  matrix  stain  with  hematoxylin 
more  deeply  than  the  rest,  and  in  some  cartilages  this  gives  the 
appearance  of  rounded  balls  of  darkly 
^^■^P  stained    matter   surrounding    each   cell   or 

^^^^^^  cell-group  (chotuhin-halU,  Miirner). 

^^^^^^k  Embryonic  cartilage  is  characterised  by 

^^H^^^l  the  cells  being  usually  more  sharply  angular 

~  and  irregular ;  they  are  even  in  some  cases 

markedly  branched,  like  those  which  occur 
at  the  junction  of  cartilage  and  synovial 
membrane  in  the  adult.  The  cells  are 
also  more  closely  packed,  the  matrL^  being 
in  relatively  less  amount  than  in  later  life. 
Dflvelopment.^Cartilage  is  formed  in 
the  embryo  from  mesenchyme  similar  to 
that  which  gives  origin  to  other  forms 
of  connective-tissue.  Each  cell  forms  a 
capsule  around  itself,  and  the  blended 
capsules  compose  the  first  matrix.  Cartil- 
age sometimes  remains  in  this  condition 
throughout  life  ;  it  is  then  termed  paren- 
chymaCoiin  curtilage.  This  can  be  seen  in 
the  mouse's  ear ;  where  also  the  cartilage 
cells  become  filled  with  fat.  Cartilage 
grows  at  first  partly  by  interstitial  expan- 
sion (accompanied  by  cell  multiplication 
and  by  formation  aroimd  and  between  the  cells  of  intercellular  sub- 
stance), partly  by  apposition  at  the  perichondrium,  the  connective 
tissue  becoming  here  transformed  into  cartilage.  At  a  later  period  of 
growth  the  inci'ease  in  size  and  change  in  shape  of  cartilages  are  due 
almost  entirely  to  the  agency  of  the  perichondrium. 

Synovial  Memekanes. 
The  synovial  membranes    are    often    compared   with   the   serous 
They   are    indeed,   like    the    latter,    connective-tissue 
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membranes  which  bound  closed  eavities  moistened  with  fluid,  but 
they  are  not  connected  with  the  lymphatic  system,  nor  is  the  fluid 
{synovia)  'which  moistens  them  of  the  nature  of  lymph.  Moreover, 
there  is  either  no  endothelial  lining,  or  it  occurs  only  in  patches, 
in  place  of  the  continuous  lining  which  we  find  in  the  serous 
membranes.  Long  villus-like  projections  occur  in  many  parts;  they 
are  often  covered  by  small  rounded  cells,  and  probably  serve  to 
extend  the  surface  for  the  secretion  of  synovia.  The  blood-vessels 
of  synovial  membranes  are  numerous,  and  approach  close  to  the  inner 
surface  of  the  membrane.  They  are  well  seen  in  preparations  from 
an  injected  limb. 


92  THE  ESSENTIALS  OF  HISTOLOGY. 


LESSON    XII. 

THE  CONNECTIVE  TISSUES  {continued), 

COSTAL  CARTILAGE.      FIBROCARTILAGE. 

1.  Make  transverse  and  tangential  sections  of  a  rib-cartilage,  which  may 
either  be  fresh,  or  may  have  been  preserved  in  spirit  or  formol.  Stain  them 
with  hsemalum  or  carmalum  (if  fresh,  after  treatment  with  acetic  acid  as  in 
Lesson  XI.  §  2,  or  they  may  be  placed  for  an  hour  or  two  in  '6  p.c.  osmic 
acid),  and  mount  in  glycerine.  Sketch  a  part  of  a  transverse  section  under 
a  low  power  and  a  cell-group  from  one  of  the  tangential  sections  under  a 
high  power.  Notice  especially  the  arrangement  of  the  cells,  somewhat 
concentric  near  the  surface  but  radial  near  the  centre.  The  costal  cartilages 
tend  to  become  ossified  near  the  middle  in  most  animals,  but  in  man  when 
ossification  occurs  it  is  the  superficial  layer  which  is  invaded. 

2.  Make  sections  of  the  cartilage  of  the  external  ear  (pinna),  either  fresh 
or  after  hardening  in  alcohol.  Mount  in  dilute  glycerine  faintly  coloured 
with  magenta,  or  stain  with  orcein  and  mount  in  balsam.  If  from  the  ox, 
notice  the  very  large  reticulating  elastic  fibres  in  the  matrix.  Notice  also 
the  isolated  granules  of  elastin,  and  around  the  cartilage-cells  an  area  of 
clear  ground -substance.  If  from  the  mouse  or  rat  there  is  very  little  matrix 
and  no  elastic  fibres,  and  the  cells  are  almost  in  contact  (parenchymatous 
cartilage)  ;  they  also  contain  fat  (staining  with  osmic  acid). 

3.  Mount  a  section  of  the  epiglottis  in  the  same  way.  Notice  the  closer 
network  of  much  finer  fibres  in  its  cartilage. 

4.  Cut  sections  of  white  fibro-cartilage  (intervertebral  disk  or  semilunar 
cartilage  of  knee),  which  has  been  hardened  in  picric  acid,  followed  by  spirit, 
or  in  spirit  only.  Stain  the  sections  with  dilute  hsemalum  or  carmalum. 
Mount  in  dilute  glycerine.  Observe  the  wavy  fibres  in  the  matrix  and  the 
cartilage-cells  lying  in  clear  areas  often  concentrically  striated.  Look  for 
branched  cartilage- cells.  Sketch  three  or  four  cells  and  the  adjoining 
fibrous  matrix. 


Costal  cartilage. — In  the  costal  cartilages  the  matrix  is  not 
always  so  clear  as  in  the  cartilages  of  the  joints,  for  it  more  often 
happens  that  fibres  become  developed  in  it.  The  cells  are  generally 
larger  and  more  angular  than  those  of  articular  cartilage,  and 
collected  into  larger  groups  (fig.  102).  Near  the  circumference, 
and  under  the  perichondrium  or  fibrous  covering  of  the  cartilage, 
they  are  flattened  and  parallel  to  the  surface,  but  in  the  deeper 
parts  they  have  a  more  irregular  or  a  radiated  arrangement.  They 
frequently  contain  fat.  The  cartilages  of  the  larynx  and  windpipe 
and  of  the  nose  resemble  on  the  whole  the  costal  cartilages,  but  the 
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study  of  them  may  be  deferfed  until   the  organs  where  they  ( 
-are  dealt  with. 

Elastic   or  yellow  fibre -cartilage   occurs  in   only  a  few  situations,  j 
These  are,  the  cartilage  of  the  external  ear  and  that  of  the  Eustachian  I 
tube,  and  the  epiglottis  and  cartilages  of  Sanloiini  of  the  larynx.     The 
matrix   is   everywhere   pervaded  with    well-defined   branching   fibres, 
which  unite  with  one  another  to  form  a  close  network  (figs.  103,  104). 
These  fibres  resist  the  action  of  acetic  acid,  and  iire  Etained  deeply 


by  magenta;   they  are  evidently  elastic  fibres.     In  the  ox  thej 
Tery  large,   but   smaller  in  man,    especially  in   the   cartilage   of  the  i 
■epiglottis.     They  appear  to  be  developed,  as  with  elastic  tissue  else- 
where {see  p.  8'2),   by  the   deposition    of  granules  of  elastin  in  the  j 
matrix,  which  at  first  lie  singly,  but  afterwards  become  joined  to  form  I 
the  fibres. 

White  fibro-caxtilage  ia  found  wherever  great  strength  combined 
with  a  certain  amount  of  rigidity  is  required:-  thus  we  frequently 
find  fibro-cartilage  joining  bones  together,  as  in  the  intervertebral 
disks  and  other  symphyses.  But  in  these  cases  the  part  in  contact 
with  the  bone  is  always  hyaline  cartilage,  which  passes  gradually 
into  [the  fibro-cartilage  forming  the  bulk  of  the  symphysis.  Fibro- 
«arti]age    is    often    found    lining    grooves    in    which    tendons 
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and  it  may  be  found  in  the  tendons  themselves.  It  is  also  em- 
ployed to  deepen  cup-shaped  articular  surfaces;  and  in  the  case  of 
the  interarticular  cartilages,  such  as  those  of  the  knee  and  lower  jaw, 
to  allow  greater  freedom  of  movement  whilst  diminishing  the  liability 
to  dislocation.  Under  the  microscope  white  fibro-cartilage  looks  very 
like  fibrous  tissue,  but  its  cells  are  cartilage-cells,  not  tendon-cells 
(fig.  105).  They  are  rounded  or  bluntly  angular  and  surrounded 
by  a  concentrically  striated  area  of  clear  cartilage-matrix.  In  some 
parts  of  the  intervertebral  disk  many  of  the  cells  are  branched, 
and  may  be  looked  upon  as  transitional  forms  to  connective-tissue 
corpuscles. 
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LESSON   XIII. 

THE  CONNECTIVE  TISSUES  (continued). 

BONE;   STRUCTURE  AND  DEVELOPMENT. 

1.  In  thin  sections  of  hard  bone  made  by  grinding,^  observe  the  Haversian 
canals,  laraellse,  lacunae^  canaJiculi,  etc.  MaKe  a  sketch  first  under  a  low  and 
afterwards  under  a  high  power. 

2.  With  fine  forceps  strip  off"  a  thin  shred  from  the  superficial  layers  of  a 
bone  which  has  been  decalcified  in  5  p.c.  commercial  sulphurous  acid  and 
afterwards  washed  with  water  for  24  hours.  It  may  be  kept  in  dilute 
alcohol.  Mount  the  shred  in  water.  Observe  the  fibrous  structure  of  the 
lamellae.  Look  for  perforating  fibres  or  the  holes  from  which  they  have 
been  dragged  out.     Sketch  a  small  piece  of  the  thin  edge  of  a  lamella. 

3.  Stain  with  dilute  magenta  and  hsemalum  solution,  or  with  methyl-blue 
and  eosin,  very  thin  sections  of  compact  bone  which  has  been  fixed  with 
10  p.c.  formol  (1  to  3  days)  and  then  decalcified  in  sulphurous  acid  as  above. 
Mount  in  dilute  glycerine,  cementing  at  once.  Look  for  fibres  of  Sharpey 
piercing  the  circumferential  lamellae.  The  elastic  perforating  fibres  are  more 
darkly  stained  than  the  others.  Notice  the  stained  nuclei  of  the  bone- 
corpuscles  in  the  lacunae.  In  the  thinnest  parts  of  the  sections  try  to  make 
out  the  blood-vessels  and  other  structures  in  the  Haversian  canals. 

4.  Mount  in  xylol  balsam  or  dammar  a  section  of  a  foetal  lower  jaw 
which  has  been  stained  in  bulk  and  embedded  in  paraffin.  Find  the  part 
where  the  lower  jaw-bone  is  becoming  ossified,  and  carefully  study  the 
appearance  which  it  presents.  The  bone  is  prolonged  in  the  form  of 
osteogenic  fibres  which  are  covered  with  osteoblasts. 

5.  Intramembranous  ossification  may  also  be  studied  in  the  parietal  bone 
of  a  foetus  which  has  been  preserved  in  MUller's  fluid.  A  piece  of  the 
growing  edge  is  scraped  or  brushed  free  from  its  investing  membranes,  and 
from  most  of  the  cells  which  cover  and  conceal  it,  and  is  mounted  in 
glycerine  with  or  without  previous  staining  with  carmalum. 

6.  Mount  in  balsam  or  dammar  sections  of  a  foetal  limb  (which  may  have 
been  stained  in  bulk).  The  bones  will  be  found  in  different  stages  of 
ossification,  those  of  the  digits  being  least  developed.  Make  sketches  illus- 
trating the  three  chief  stages  of  endochondral  ossification.  Notice  the 
peculiar  terminal  ossification  of  the  third  phalanx. 


Bone  is  a  connective  tissue  in  which  the  ground-substance  is 
impregnated  with  salts  of  lime,  chiefly  phosphate,  these  salts  consti- 
tuting about  two-thirds  of  the  weight  of  the  bone.  When  bones  are 
macerated  this  earthy  matter  prevents  the  putrefaction  of  the  animal 
matter.  When  bones  are  calcined  they  lose  one- third  of  their  weight, 
owing  to  the  destruction  of  the  animal  matter ;  when  steeped  in  acid 

^  It  is  best  to  purchase  these. 


e  earthy  salts  are  disaolved  and  only  the  animal  matter  is  left.    This, 
e  areolar  and  fibrous  tissue,  is  converted  into  gelatine  by  boiling. 


lony  tiaaue  ia  either  compact  or  cancellated.  Compact  bone  is  dense, 
ivory;  cancellated  is  spongy  with  obvious  interstices.  The  outer 
I  of  all  bones  are  compaet,  and  the  inner  part  ia  generally 


;a1 
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cancellated,  but  the  shaft  of  a  long  bone  ib  almoat  entirely  made  up  of 
compact  substance,  except  along  the  centre,  which  is  hollow  and  filled 
with  marrow  The  interstices  of  cancellated  bone  are  also  occupied 
by  marrow  Externally  bones  are  covered  except  at  the  joints  by  a 
vascular  fibrous  membrane,  the  periosteum 

True  bone  is  always  made  up  of  lamella,  and  these  again  are  com- 
posed of  fine  Jibre^  lying  in  a  calcified  ground  fubslaTice  Between  the 
lamellae  are  branched  cells,  the  bme  corpuscles,  which  he  in  cell-spaces 
or  lacuna  The  ramified  passages  which  contain  the  cell  processes  are 
termed  canahcuh 
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In  cancellated  bone  the  blood-vessels  run  in  the  interstices  supported 
by  the  marrow.  In  compact  bone  they  are  contained  in  little  canals — 
the  Haversian  cawtfo— which  everywhere  pervade  the  bone.  These 
canals  are  about  0'05  mm.  {-g^jf  inch)  in  diameter,  but  some  are 
smaller,  others  larger  than  this.  Their  general  direction  is  longi- 
tudinal, i.e.  parallel  to  the  long  axis  of  the  bone,  but  they  are 
constantly  united  by  transversely  and  obliquely  running  passages. 
In  a  section  across  the  shaft  of  a  long  bone  they  are  seen  as  small 
rounded  or  irregular  holes  (fig.  106).  When  the  section  has  been 
made  by  grinding,  the  holes  get  filled  up  with  air  and  debris,  and 
they  then  look  black  by  transmitted  light,  as  do  also  the   lacunse 
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and  canaliculi  (fig.  107),  Most  of  the  lamellie  in  compact  bone  are 
disposed  concentrically  around  the  Haversian  canals ;  they  are  known 
the  Haversian  lamellte,  and  with  the  included  canal  form  what 
ia  known  aa  a  Haversian  sysUm.  The  lacunte  of  a  Haversian  system 
communicate  with  one  another  and  with  the  Haversian  canal,  but 
not  as  a  rule  with  the  tacunie  of  adjacent  Haversian  syatems.  The 
igular    interstices   between    the    Haversian    systems    are    generally 


n~un^er» 


ccupied    by  bony  substance   which    is    fibrous    but    not    lamellar. 

Besides   the    lamella   of  the    Haversian   systems   there   ia    a    certain 

I  thickiieas    of    bone    at    the    surface,    immediately    underneath    the 

■  periosteum,   which   is    composed    of    lamellae   arranged   parallel   with 

I  the  surface :   these   are   the  drmmferential  or  periosteal  lamidlu:  (fig. 

f  106,  fl).      They  are  pierced    here   and    there   by   simple    canals   for 

r  blood-vessels,  the  so-called   Volkmann's  canals,   which  are  proceeding 

le   periosteum  to  join   the   system  of  Haversian    canals,  and 

I  by  calcified  bundles  of  white  fibres  and  by  elastic  fibres  which 

lay  alflo   be  prolonged   from    the    periosteum.      These   are  the  per 

mtingPres  of  Sharpey  (fig.  108). 


100  THE  ESSENTIAI£  OF  HISTOLOGY. 

The  lamellae  of  bone  are  fibrous  m  structure  This  may  be  seen  ia 
ahreds  torn  off  irom  the  superficial  layers  of  a  decalcified  bone 
{fig  109)  The  fibres  {decassahng  Jihres  of  Sharpey)  often  cross  one 
another  in  adjacent  lamellie,  and  m  the  Haversian  systems  they  run 
in  some  lamelhe  concentrically,  in  others  parallel  with  the  Haversian 
canal  In  shreds  of  lamellte  which  have  been  peeled  off  from  the 
surface  the  perforating  fibres  may  sometimes  be  seen  projecting  from 
the  surface  of  the  shred,  having  been  torn  out  of  the  deeper  lamellte 
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sous  nEPTH  PBOM  TBB  BUBFACE       (Shitrpey  ) 

euperposed  c  c  perforatli)^  fibres  t1j«  fibiilB  whicn  compose  theia  ata  not  Khowa 
In  thii  figure.  Apertures  tbrDUfh  nhicb  perforating  fibres  bad  pnasod  aro  soan, 
eapeclally  io  tbe  lower  part,  a,  of  the  Bfture.  H&gnltude  ab  Been  uuder  &  power  at 
200  diameters,  but  not  drawn  to  etsle.    (From  a  sketch  b;  Allen  Thomeon.) 

(fig.  109,  c,  c).  When  tendons  or  ligaments  are  inserted  into  bone, 
their  bundles  of  white  fibres  are  prolonged  into  the  bone  as  perforating 
fibres. 

The  lacunte  are  occupied  by  nucleated  corpuscles,  which  send 
branches  along  the  canaliculi  {fig.  110).  They  have  a  special  lining 
layer  different  in  chemical  composition  from  the  rest  of  the  bone,  being 
much  more  resistant  to  the  action  of  atrong  chemical  solvents  such  as 
hydrochloric  acid  (Neumann).  The  dentinal  tubules  of  the  teeth  have 
a  similar  lining  layer. 

The  Haversian  canals  contain  one  or  two  blood -capillaries  and 
nervous  filaments,  besides  a  little  connective  tissue ;  and  tbe  larger  onea 
may  also  contain  a  few  marrow-cells.  There  are  also  cleft-like  lym- 
phatic spaces  running  with  the  vessels,  their  cells  being  connected 


through  canaliciili  with  branches  from  corpuaclea  within    the    neigh- 
bouring lacunte  of  the  caseous  substance  (fig.  Ill), 

The  perioBtenni  may  be  Btiidied  in  torn-off  sbreds,  in  preparations 
Htained  in  Mtu  with  Bilver  nitrate,  and  in  stained  sections  from  an 
nn macerated  bone  which  has  been  decalcified.  It  is  a  fibrous 
membrane  composed  of  two  layers,  the  inner  of  which  contains 
many    elastic   fibres.      In    the    outer    layer    numerous   blood-vessels 


ramify  and  send  branches  to  the  Haversian  eanals  of  the  bone.  The 
pBriostenm  ministers  to  the  nutrition  of  the  bone,  partly  on  account 
of  the  blood-vessels  and  lymphatics  it  contains,  partly,  especially  in 
young  animals,  on  account  of  the  existence  between  it  and  the 
bone  of  a  layer  of  osteoblasts  or  bone-forming  ceils,  a  remainder  of 
those  v^hich  originally  produced  the  bone.  It  also  serves  to  give 
Sttachment  to  muscular  fibres. 
The  marrow  of  bone  has  been  already  studied  (pp.  38,  39). 

DEVELOPMENT   OF   BONE. 

True  bone  is  essentially  formed  in  all  cases  by  an  ossification  of 
sinnective  tissue.  Sometimes  the  bone  is  preceded  by  cartilage,  which 
ret  becomes  caicified,  and  this  is  then  invaded,  and  for  the  most  part 
Bnoved,  by  an  embryonic  tissue  which  re-deposits  bony  matter  in  the 
lienor  of  the  cartilage.  This  is  inlraeariilaginaas  or  endochmidral  ossi- 
fmHtm.     At  the  same  time  layers  of  bone  are  being  formed  outside  the 
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cartilage  uodemeatb  the  periosteum.  The  whole  bone  thus  formed  n 
termed  a  eartila^e-bone.  Sometimee  the  bone  is  not  preceded  by  carti- 
lage, and  then  the  only  process  which  occurs  is  one  corresponding  to  the 
subperiosteal  ossification  of  the  cartilage-bone ;  the  ossification  is  than 
known  as  ijUramemiranoiis,  and  the  bone  formed  is  a  membrofu-bone. 


FlO.  112.— SkOTIOS  of  PHALANQK4I.  BOSK  OV  HDMAK  PtETUS  AT  TH«  mU  MT 

a  OSSIFICATION.     (From  a  prepatation  by  F.  A.  Dixej'.)    The 
sained  in  bulk  witb  magenta.     The  drawiog  ie  made  from 


pienration  was  etained  in  bulk  witb  magen 

a  photograph,  and  is  magnified  about  7S  dial 

e  cartllue  cells  in  the  i:antre  are  enlarged  and  eepantH 


dded  In  the  new  bune  as  lacun».    The  autll^.ccllt  are  becoming  enlarged  and 

the  cartilage  the  culia  are  aniall,  and  the  grnupa  are  IrrBguUrly  arrangBd ;  the  abroua 
perloeteuni  la  not  sharply  marked  on  fmiu  tUe  cartilage. 

Ossification  of  cartilage.— This  may  be  described  as  occurring  in 
three  stages.  In  tiia  first  stage  the  cells  in  the  middle  of  the  cartil^;e 
become   enlarged   and    arranged  in    rows   radiating  from    the    centre 
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I  {fig.  113),  and  fine  granules  of  calcareous  matter  are  deposited  in  the 

liaatrix.      Simultaneously    with    this    the   osteoblasts   underneath  the 

IjieriostBum   deposit   a  layer  or  layers   of  fibrous   lamellie    upon  the 
|»irface    of    the   cartilage,    and    these   lamellie   also   become   calcified 

im).     As  they  are  formed,  some  of  the  osteohlaata  (o)  are 
mcluded  between  them  and  become  bone-corpuscles. 

Fig   113  — Skctios  o 
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In  the  actml  I  j  son  e  of  the  subpenost(.d,l  tissue  eats  its  way 
hrough  the  newly  tormed  layer  ol  bone  and  into  the  centre  of  the 

'  "ed  cartilage  (hg  113  t  )  This  la  freely  abs  rbed  before  it 
Eg    115)     so    that   large  spates  are  produced  which  are  filled  with 

iteoblasta  an  I  contain  nnmeioua  bloodvessels  which  have  grown 
Q  at  the  same  time  These  spaces  are  termed  medvUanj  tpacet  and 
second  sta^e  may  be  termed  the  stage  of  iirupiion. 
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In  the  third  dage  of  endochondral  ossification  there  is  a  gradual 
advance  of  the  ossification  towards  the  extremities  of  the  cartilage,  and 
at  the  same  time  a  gradual  deposition  of  fresh  bony  lam ellee  and  spicules 
on  the  walls  of  the  medullary  spaces,  and  on  the  surface  of  the  new 
bone  under  the  periosteum.  The  advance  into  the  cartilage  always 
takes  place  by  a  repetition  of  the  same  changes,  the  cartilage- cells  first 
enlarging  and  becoming  arranged  in  rows,  the  matrix  between  the 
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rows  becoming  calcified,  and  then  the  calcified  cartilage  1 
excavated  from  behind  by  the  osteoblastic  tissue  so  as  to  form  new 
medullary  spaces  (fig.  114).  The  walls  of  these  are  at  first  formed  only 
by  remains  of  the  calcified  caitilage-matris  (fig.  U4,  c),  but  they  soon 
become  thickened  by  lamellie  of  fibrous  bone  which  are  deposited  by 
the  osteoblasts,  and  between  which  bone-corpuscles  become  included, 
as  in  the  case  of  the  subperiosteal  bone.  The  latter  advances  pari  paam 
with  the  endochondral  calcification,  but  beyond  this  the  uncalcified 
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cartilage  grows  both  in  length  an  J  breadth  so  that  the  osBifieation 
ia  always  advancing  into  larger  portions  of  cartilage  hence  the 
endochondral  bone  as  it  lorms  assumes  the  shape  of  an  hour-glaas,  the 
cylindrical  shape  of  the  whole  bone  being  maintained  b>  additions  of 
periosteal  bone  to  the  outside  (see  tig  lib)  The  absorption  of  the 
calcified  cartilage-matrix  appears  to  be  effected  as  is  the  case  with 
absorption  of  bony  matter  wherever  it  occurs  bj  large  multi-nucleated 


(fig.  1  U,  /,  /}  which  are  termed  osteoclasis.  They  are  cells  of  the 
same  nature  as  the  myeloplaxes  of  the  marrow,  and  are  found 
on  surfaces  where  absorption  of  bone  ia  taking  place,  whereas  the 
osteoblasts  are  always  found  covering  surfaces  where  bony  deposit 
is  proceeding  (fig.   117). 

The  bone  which  is  first  formed  ia  more  reticular  and  leas  regularly 
lamellar  than  that  of  the  adult,  and  contains  no  Haversian  systems. 
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The  regular  lamellte  ai 
birth,  and   their   deposi 


not   deposited  until  some  little  time  after 
n  is  generally  preceried  by  a  considerable 
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modified   in  relat 


remit  M 


amount  of  absorption.  It  is  about  this  time  also  that  the  medullary 
canal  of  the  long  bones  is  formed  by  the  absorption  of  the  bony 
tissue  which  originally  occupies  the  centre  of  the  shaft. 


OSSIFICATION  OF  CARTILAGE. 

After  a  time  the  cartilage  in  one  or  both  t 
jegina  to  ossify  independently,  and 
I  the  epiphyses  are  formed.  These 
.  are  not  j»rioed  to  the  shaft  until  tho 
.  growth  of  the  bone  is  completed. 
Growth  takes  place  in  knglh  by  an 
I   expansion    of  the    cartilage    (inler- 

:  cartilage)  which   intervenes  ;.;'  ' 

I  between  the  shaft  and  the  eptphyBos. 
I  and  by  the  gradual  extension  ol 
the  oHsification  into  it;  in  widlh 
I  entirely  by  the  deposition  of  fresh 
1  bony  layers  under  the  periosteu 

i  terminal    phalanges  of  the 
[  digits    the    ossification    starts,    not  1 
I  from  the  middle  of  the  cartilage,  but 
I  from  its  distal  extremity  (Dixey). 

For  the  regeneration  of  portions 
[  of  bone  which  have  been  removed 
L  by  disease  or  operation 


of  the  long  bones 
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IntramembranonB  ossification.— In  this  variety  of  oseification  (fig. 

120),  the  bone  ia  not  preceded  by  cartilage  at  all,  and  therefore  no 
endochondral  bone  is  formed,  but  the  calcification  occurs  in  a  sort 
of  embryonic  fibrous  tissue  which  contains  numerous  osteoblasts  and 
blood-vessels.  Tho  fibres  of  this  tissue  (osteogenic  fibres),  which, 
like  those  of  fibrous  tissue,  are  collected  into  small  bundles,  become 
inclosed  in  a  calcareous  matrix,  produced  by  the  deposition  of  lime 
salts  in  the  ground-substance  of  the  connective  tissue ;  and  as  the 
fibres  grow,  the  calcification  extends  further  and  further,  so  that  bony 
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spicules  are  formed,  which,  as  they  become  thickened,  run  together 
to  form  reticular  layers,  leaving  spaces  filled  with  osteoblasts  around 
the  blood-vessels.  The  osteogenic  fibres  are  covered  with  osteoblasts, 
and  as  the  bone  forms,  some  of  these  become  left  as  bone-corpuscles 
within  lacunte.  Thus  in  every  particular  the  development  of  these 
bones  resembles  that  of  the  subperiosteal  layer  of  endochondral  bone ; 
which  is  also  to  be  considered  as  an  instance  of  inCramembranoua 
ossification,  although  taking  place  on  the  surface  of  cartilage.  More- 
over, it  is  the  same  subperiosteal  tissue  which,  in  endochondral 
ossification,  deposits  the  true  or  secondary  bone  upon  those  parts  of 
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the  calcified  cartilage-matrix  which  have  escaped  ahsorption ;  and  this 
must  also,  therefore,  be  reckoned  as  developed  according  to  the  same 
type.  In  fact,  even  in  intracartilaginous  ossification,  very  little  of  the 
calcified  cartilage-matrix  eventually  remains ;  this  being  almost  wholly 
absorbed  and  either  replaced  by  true  or  fibrous  bone  which  has  been 
formed  by  osteoblasts,  or  swept  away  to  form  the  medullary  and 
other  cavities. 

With  reference  to  the  origin  of  the  osteoblasts,  it  has  been  thought  by 
some  authors  that  they  are  derived  from  the  blood-vessels,  and  are  in  fact 
leucocytes  which  have  wandered  out  of  the  vessels  and  have  taken  on  the 
special  osteogenic  function.  Another  and  a  more  probable  view  regards 
them  as  modified  connective  tissue  cells  formed  within  the  periosteum  and 
merely  accompanying  the  vessels  into  the  interior  of  the  ossifying  cartilages. 
They  have  also  been  thought  to  be  formed  by  division  and  alteration  of  the 
cartilage-cells. 
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LESSON   XIV. 
STRUCTURE  OF  STRIATED  MUSCLE. 

1.  Take  a  shred  of  muscle  from  a  recently  killed  mammal,  and  on  a  dry  slide 
carefully  separate  long  pieces  of  muscular  fibres  (single  fibres  if  possible)  and 
stretch  them  out,  keeping  them  moist  during  the  process  by  breathing  on 
the  slide.  Put  a  drop  of  serum  on  the  cover-glass  before  placing  this  over 
the  preparation.  Study  first  with  a  low,  then  with  a  high  power.  Sketch 
all  the  appearances  to  be  seen  in  a  small  piece  of  a  fibre,  focussing  carefully 
the  most  superficial  layers.  Notice  the  oval  nuclei  immediately  under  the 
sarcolemma.  Then  allow  a  little  dilute  acetic  acid  to  run  under  the  cover- 
glass  and  watch  its  effect. 

2.  Prepare  some  fibres  of  frog's  muscle  in  the  same  way,  but  mount  in 
salt  solution  instead  of  serum.  Notice  the  muscular  substance  shrinking 
away  here  and  there  from  the  sarcolemma,  which  then  becomes  distinctly 
visible.  Sketch  a  piece  of  sarcolemma  bridging  across  an  interval  thus 
produced. 

3.  Study  transverse  sections  of  muscle  which  has  been  hardened  in  alcohol 
or  formol  and  stained.  Mount  in  dammar  varnish  or  xylol  bakam.  Examine 
the  section  of  a  fibre  first  with  a  low  and  then  with  a  high  power.  Sketch 
the  appearances  which  are  seen. 

In  each  of  the  above  preparations  measure  the  diameter  of  some  of  the 
fibres. 

Sections  of  muscle-spindles  may  be  searched  for  in  the  transverse  sections 
of  muscle. 

4.  Place  in  1  per  cent,  osmic  acid  a  small  shred  of  mammalian  muscular 
tissue  which  has  been  stretched  upon  a  cork.  After  24  hours,  when  it  will 
be  deeply  stained,  wash  it  in  water  and  with  needles  break  the  fibres  up  in 
glycerine  as  finely  as  possible.     Cover  and  examine  with  a  high  power. 

5.  Cut  off  the  head  of  a  small  garden  beetle  or  wasp,  and  bisect  the  trunk 
with  scissors  so  as  to  expose  the  interior.  Notice  two  kinds  of  muscular 
tissue,  the  one  belonging  to  the  legs  greyish  in  colour,  the  other  attached  to 
the  wings  yellowish.  Preparations  of  both  kinds  of  muscle  are  to  be  made 
in  the  same  way  as  living  mammalian  muscle  (§  1),  but  it  is  better  to  mount 
them  in  a  drop  of  white  of  egg.  In  both  preparations  the  dark-looking 
air-tubes  or  tracheae  form  prominent  objects  ramifying  amongst  the  fibres. 
Observe  the  structure  of  the  two  kinds  of  muscle  so  far  as  it  can  be  made 
out  in  the  fresh  preparation.  If  the  preparation  is  made  quickly,  waves  of 
contraction  will  probably  be  observed  passing  along  the  fibres. 

6.  Make  another  preparation  of  the  leg-muscles,  mounting  the  muscle  in 
vinegar.  (Alcohol-hardened  muscle  of  insect  or  crab  may  be  used  for  this 
purpose.)  Notice  that  the  muscular  substance  swells  up  somewhat  and 
becomes  clearer,  whilst  the  sarcoplasm-network,  with  its  lines  and  dots, 
comes  more  distinctly  into  view.  In  a  well-teased  preparation  of  alcohol- 
hardened  muscle,  the  fibres  will  be  frequently  found  breaking  across  into 
disks.     Make  careful  drawings  from  this  preparation. 

7.  RoUett's  method.  Cut  off  the  bead  of  an  insect  (wasp,  small  beetle), 
bisect  the  trunk  and  place  iu  90  per  cent,  alcohol  for  from  24  to  48  hours 
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Then  take  a  amail  piece  of  each  kind  of  raiiacle,  and  place  in 
*  strong  glycerine  for  some  hours.  Wash  thoroughly  with  water  and 
tranufer  to  I  per  cent,  chloride  of  gold  solution  :  leave  the  pieces  of  miiscle 
iu  this  from  15  to  30  minutes  according  to  their  size.  From  the  gold 
solution  they  are  transferred  to  formic  acid  (1  part  of  the  strong  acid  to 
3  of  water),  and  kept  iu  the  dark  for  24  hours,  but  they  may  be  kept  longer 
without  disadvantage.  The  niascle  is  then  teased  in  glycerine.  Some  of 
the  fibres  will  be  found  after  this  method  to  have  their  sarcoplaam  darkly 
stained,  and  to  show,  therefore,  the  appearance  of  a  network  both  in  longi- 
tudinal and  transverse  view  :  others,  on  the  other  hand,  have  the  s; 
elements  of  the  fibrils  or  earcostyles  stained,  whilst  the  aarcoplas 
lained  colourless. 
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The  contractile  substance  of  the  fibre  Ib  characterised  by  the  alter- 
nate dark  and  light  Btripes  which  run  across  the  length  of  the  fibre ; 
hence  the  name,  cross-strialed  or  striped  miitcle.  On  focueaing,  it  can  be 
Been  that  the  atripeB  pass  through  the  whole  thickness  of  the  fibre ; 
they  may  therefore  be  looked  upon  as  representing  alternate  disks  of 
dark  and  light  substance.  If  the  fibre  be  very  carefully  focussed,  rows 
of  apparent  granules  are  seen  lying  in  or  at  the  boundaries  of  the  light 
streaks,  and  very  fine  longitudinal  lines  may,  with  a  good  microscope, 
be  detected  uniting  the  apparent  granules  (fig.  122).  These  fine  lines, 
with  their  enlarged  extremities  the  granules,  are   more  conspicuous 


( 
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in  the  muscles  of  insects.  They  indicate  the  divisions  between  the 
longitudinal  elements  {fibrils  or  mrcostylex)  which  compose  the  fibre, 
and  in  preparations  treated  with  dilute  acid  they  appear  to  form  part 
of  a  fine  network,  which  pervades  that  substance,  and  serves  to  unite 
the  granules  both  transversely  and  longitudinally.  This  network, 
which  is  sometimes  very  distinct  in  preparations  of  muscle  treated 
with  chloride  of  gold,  is,  however,  a  network  in  appearance  only  :  in 
reality  it  is  the  optical  expression  of  the  interstitial  substance  which 
lies  between  the  fibrils.     This  substance  is  termed  sarcoplasnu 

On  examining  the  transverse  section  of  a  fibre  with  a  high  power, 
it  is  seen  to  be  subdivided  everywhere  into  small  angular  fields, 
Cohnheim's  areas  (fig.  12.5),  which  are  themselves  again  divided  up. 
The  smallest  divisions  represent  sections  of  the  fibrils  of  which  the 
fibres  are  composed,  and  into  which  they  may  be  split  after  death, 
especially  after  being  hardened  in  certain  reagents,  e.g.  chromic  acid 
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osroic  acid.  The  larger  areas  represent  groups  of  fibrila.  These 
areas  of  Cohnheim  are  usually  polyhedral,  but  they  may  be  elongated, 
and  disposed  either  radially,  or  conceintrically  with  the  circumference 
of  the  saetion.  The  interstitial  substance  or  sarcoplasm  lies  between 
tbem  and  can  be  made  visible  by  treatment  with  dilute  acid  or  by 
etaining  with  chloride  of  gold  (figs.  127,  128,  and  129).  It  is  some- 
relatively  large  amount,  but  in  most  muscular  fibres  is 
reduced  to  a  very  fine  interstitium. 

An  ill-defined  clear  line  ie  sometimes  seen  running  transversely 
acroHB  the  fibre  in  the  middle  of  each  dark  band.      This  is  termed 

If  instead  of  focussing  the  surface  of  the  fibre  it  be  observed  in  it« 
depth,  an  appearance  different  from  that  shown  in  fig.  122  is  frequently 
visible,  namely,  a  fine  dotted  line  (Dobk's  line),  bisecting  each  clear 
atripe  (fig.  123);  this  appeariince  is  often  considered  to  represent  a 
membrane  {Krause's  memhraJie),  which  subdivides  the  fibrils  at  regular 
intervals  (see  p.  116).  But  the  membrane  of  the  individual  fibrils  or 
aarcostyles  is  rarely,  if  aver,  visible  in  an  intact  mammaliac  fibre,  and 
certain  that  the  appearance  of  such  a  line  in  the  middle  of  the 
clear  stripe  of  an  intact  fibre  is  in  most  cases  due  to  interference, 
icaused  by  the  light  being  transmitted  between  disks  of  different 
Tefrangibility. 

Haycraft  has  suggested   that   the   cross -striation  of  voluntary  muscle  is 

ie  to  refractive  effects  produced  by  a  varieoaiCy  ot  the  component  fibrils, 

laing  hie  view  upon  the  fact  that  in  impressious  of  the  fibres  made  in  soft 

illodion  all  the  cross -striations  which  are  observed  in  the  fibre  itself  are 

reproduced.    There  is  no  doubt  that  a  well-marked  cross-striated  appearance 

a  be  produced  in  homogeneouB  fibrils  by  regularly -occurring  vancositiea, 

id  many  of  the  appearances  observed  in  muscle  may,  as  Haycraft  coutends, 

referred  to  this  cause.     But  even  when  a,  fibre  or  fibril  is  stretched  so 

it  exhibits  no  varicosities,  the  cross-striationa  are  stili  perfectly  distinct. 

Mver,  in  view  of  the  entirely  different  manner  in  which  the  substance 

the  dark  and  clear  stripes  behave  to  many  staining  reagents,  and  especially 

chloride  of  gold  when  applied  as  directed  in  §  7,  the  tact  being  that  very 

"nite  structural  appearances  can  under  these  cireuraatancea  lie  made  out, 

homogeneity  of  the  muscle-fibril  cannot  be  admitted.     This  inference  is 

>ngly  (jonfirraed  by  the  microchemical  work  of  A.  B.  Macallum,  who  has 

ihown  tliat  the  potassium  salts  of  the  muscle  are  mainly  accumulated  in  the 

elements. 


Nuclei. — Besides  the  sarcolemma  and  striated  substance,  a  muscular 
>re  also  exhibits  a  number  of  oval  nuclei  which  have  the  usual 
'Jttructure  of  cell-nuclei;  their  chromatin  often  has  a  spiral  arrangement, 
kunetimea  there  is  a  little  granular  substance  (protoplasm)  at  each 
lole  of  the  nucleus ;  each  nucleus  with  the  adjacent  protoplasm  has 
hen  been  spoken  of  as  a  muscle-eorpusde.  But  the  protoplasm  which 
JB  adjacent  to  the  nuclei  is  in  all  probability  continuous  with   the 
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sarcoplasm  between  the  fibrils;  both  being  the  remains  of  the  original 
undifferentiated  protoplaam  of  the  cells  from  which  the  muscular  fibres 
are  de^eluped       In  iQimmalun  muacle  the  nuclei   usually  lie  imme- 
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diately  under  the  aarcolemma  (figs.  121,  122,  125),  in  frog's  muscle 
they  are  Bcattared  throughout  tbe  Bubatance  of  the  fibre  ;  in  insect 
muscle  they  occupy  the  middle  of  the  fibre,  embedded  in  granular 
protoplasm  (fig.  1 28).  Some  animals,  such  as  the  rabbit,  have,  besides 
muacles  of  the  ordinary  type  of  structure,  which  in  this  animal  are  i)ale 
in  colour,  others  of  a  deep  red  colour.  Tiiese  red  m»scks  were  found  by 
Kanvier  to  exhibit  certain  difi'erences  both  in  structure  and  function. 
One  diflTerence  of  structure  ia  that  the  nuclei,  which  are  numerous,  are 
not  confined  to  the  surface,  but  are  scattered  throughout  the  substance 
of  the  fibres.  The  fibres  in  question  also  contain  more  sarcoplasm 
than  the  ordinary  fibres,  and  their  blood- 
Tessels  have  a  peculiarity  of  structure 
which  will  be  afterwards  noticed.  Here 
and  there,  in  all  mammals,  amongst  the 
ordinary  fibres  are  some  in  which  the 
nuclei  are  distributed  through  the  thick- 
ness of  the  fibres;  this  is  the  case  also, 
as  just  remarked,  with  all  the  muscular 
fibres  of  the  frog.  In  musdea  which  are 
in  constant  activity,  such  as  the  dia- 
phragm and  the  dorsal  fin  muscles  of 
Hippocampus,  the  protoplasm  (sarco- 
plasm) of  the  fibres  is  present  in  rela- 
tively large  proportion,  and  this  is  also 
the    case    with    the    wing    muscles    of     plu^has~ths"&ppeEiraii«~or  iooKi- 


t" 


The  transverse  section  of  a  muscle  shows  the  fibres  to  be  nearly* 
cylindrical  in  figure.  Between  the  fibres  there  is  a  certain  amount  of 
areolar  tissue,  which  serves  to  support  the  blood-vessels  and  also 
unites  the  fibres  into  fasciculi ;  the  fasciculi  are  again  united  together 
by  a  larger  amount  of  this  intramuscular  connective  tissue  {endo- 
mysium.) 

Ordinary  or  leg-moscles  of  insects. — In  the  muscles  of  insects  the 
stripes  are  relatively  broad,  and  their  structure  can  be  more  readily 
seen  than  in  mammals.  In  the  living  fibres  from  the  muaclea  which 
move  the  legs,  the  sarcoplasm  presents  a  striking  appearance  of  fine 
longitudinal  lines  traversing  the  muscle,  and  enlarging  within  the 
light  stripes  into  rows  of  dots  (fig.  126).  This  is  still  better  seen  in 
fibres  and  portions  of  fibres  which  have  been  treated  with  dilute  acid 
(tig.  127).  In  separated  disks  produced  by  the  breaking  across  of 
muscle-fibres,  the  surfaces  of  the  disks  show  a  network  with  poly 
hedral  meshes  in  some  insects  (fig.  129,  A),  one  formed  of  lines  radiating 


termed  sarcomeres.  Each  sarcomere  is  occupied  by  a  portion  of  the 
dark  stria  of  the  whole  fibre  (sarams  eiemtnl) :  the  EarcouB  ( 
ia  really  double,  and  in  the  stretched  fibre  separates  into  two  at  the 
line  of  Henaen  (fig.  131,  e).  At  either  end  of  the  sarcous  element  ie 
a  clear  substance  (probably  fluid  or  semi-fluid)  separating  it  from  the 
membrane  of  Krause:  this  clear  substance  is  more  evident  the  i 
the  fibril  is  extended,  but  diminishes,  even  to  complete  disappearance, 
in  the  contracted  muscle  (fig.  13!,  a).     The  cause  of  this  change  ie 
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explained  when  we  study  more  minutely  the  structure  of  the  s 
element.  For  we  find  that  each  sarcoua  element  is  pervaded  with 
longitudinal  canals  or  pores,  which  are  open  in  the  direction  of  Krauae's 
^membranes,  but  closed  at  the  middle  of  the  aarcous  element  (fig.  132). 
In  the  contracted  muscle,  the  clear  part  of  the  muacle-aubstance  has 
disappeared  from  view,  but  the  sarcous  element  is  swollen  and  the 
sarcomere  is  thus  shortened:  in  the  uncontracted  muscle,  on  the  other 
hand,  the  clear  part  occupies  a  considerable  interval  between  the 
aarcous  element  and  the  membrane  of  Krause,  the  sarcomere  being 


(Ungnitied  2300  diametei^.) 


lengthened  and  narrowed.  The  sarcous  element  does  not  lie  free 
the  middle  of  the  sarcomere,  but  is  attached  at  either  end  to 
Krause's  membrane  by  very  fine  lines,  which  may  represent  fine  septa, 
ranning  through  the  clear  substance  (fig,  133);  on  the  other  hand, 
Krause's  membrane  appears  to  be  attached  laterally  to  a  fine  membrane 
which  limits  the  fibril  externally. 

The  planes  of  sarcous  elementa  set  side  by  side  in  a  muacIe-Gbre 
fcrm  the  dark  stripe  (the  so-called  principal  disk)  of  the  musele- 
(ubstance  of  ordinary  muscle-fibres  (fig.  130).  But  in  the  wing-musclea 
of  insects  the  sarcous  elements  of  the  fibrils  leas  constantly  lie  in 
■eontinuous  planes,  and  the  whole  fibre  is  therefore  very  indistinctly 
ad  irregularly  croBs-striated,  although  each  individual  Sbril  is  markedly 
)  (fig.  131).  As  already  stated,  the  sarcous  elements  are  remarkable 
T  containing  a  large  proportion  of  potassium  salts  (Macallum). 

Sometimes  in  the  ordinary  (lejj)  niiiHcles  of  arthropods  what  look  like 
tta^ed  dot-like  portions  of  the  sai'couB  element  are  seen  within  the  clear 
bqws,  lying  uHually  near  Krause's  membi'are.  Tlie  rows  of  such  dots  have 
^^  a  temed  Ofcengory  diet).  Most  muscles  show  no  accessory  liiaks,  but  the 
3oplaamic  eulargements  bi'tween  tlie  fibrils  (fig.  127,  d)  are  ofteu  mistaken 
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Muscle  in  polariHed  light. — When  muscle-fibrea  nre   examined  with 

polarised  light  between  crossed  Nichol's  prisms,  the  sarccjua  elemeiita  (which 
fono  the  dark  stripe)  are  seen  to  be  doubly  refracting  (aniaotropouH),  while 
the  clear  substance  (forming  Ihe  light  atripej  is  singly  refracting  (isotropous). 
In  contracted  parts  of  the  muscle  the  (aniaotropous)  aarcous  elements  are 
seen  to  have  increased  in  bulk,  n'hile  the  iautropous  substance  of  the  clear 
stripe  has  correapoiidiugly  iliminiaheii  in  amount  (fig.  134,  b).  . 


Fig   134 -Lkg- 


F.  Merkel  described  a  reversal  of  the  stripes  during  contraction,  i.e.  a 
transference  of  the  anisotropous  substance  of  the  daJ*k  stripe  from  Henaen's 
tine  to  Kranse's  membrane,  the  place  of  the  dark  stripes  thus  becoming 
occupied  by  clear  material,  that  of  the  lisht  stripes  by  dark.  He  further 
described  this  condition  as  being  preceded  bj  an  intermediate  stage  in  which 
the  fibril  shows  homogeneity  of  ehading.  No  lionbt  in  the  ordinary  muscle- 
fibres  of  arthropods,  when  we  observe  the  so-called  'fixed'  waves  of  con- 
traction, there  is  an  apparent  blurring  of  the  cross-stria tion  of  the  fibre  just 
where  the  muscle  is  passing  from  extension  to  contraction,  but  this  appear- 
ance is  explicable  by  the  unequal  pull  of  the  contracteil  parts  of  the  fibriU 
upon  those  which  are  not  yet  contracted.  The  contraction  in  each  fibre 
starts  from  the  nerve-ending,  which  is  at  one  side  of  the  fibre,  and  spreads 
first  across  the  fibre  and  then  tends  to  pass  as  a  wave  towards  either  end. 
But  the  one  side  always  has  a  start  in  the  progress  of  this  wave,  and  the 
fibrils  must  thus  receive  an  unequal  pull,  so  tnat  they  are  shifted  along  one 
another  and  the  line  of  cross-strip iiig  is  broken  up.  That  no  transference  of 
anisotropous  subatauce  really  occurs  is  at  once  clear  from  the  appearance 

'  I  am  indebted  to  Profeaaor  Engelmann  for  these  two  photographs,  ' 
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e£  the  oontractiDg  fibre  under  polarised  light  (fig.  134,  b),  and  the  sLudy  o£ 
the  isolated  fibrils  of  wing-iuusele  gives  no  support  to  the  tlieory  of  reveraal, 
althoiigli  it  is  widely  held  by  German  authors.  That  the  apparent  reversal 
u  not  real  is  also  illustrated  by 
fig.  135,  which  represents  a  leg 
muacle  fibre  of  an  insect  i[i  process 
of  contraction.  The  dark  bands  of 
the  contraction-wave  are  seen  to 
.lly  due  to  accumtilations  of 
.sarcoplasm.  These  ace uniukt ions 
Appear  as  dark  lines  which  obscure 
me  continuity  of  the  fihrils,  and 
by  contrast  cause  the  whole  of  the 
sarcomeres  between  them  to  appear 
light. 

Mechanism  of  contraction.— 
Comparing  the  structure  of  the  sar- 
comere with  that  of  the  protoplasm 
an  amiEboid  cell  we  flud  in  both 
framework  (spongioplasm,  sub- 
ilance  of  sarcoua  efement)  which 
incloses  in  its   meshes  or  porea  a 

ilear,     probably     fiuid     suoataoce 

hyaloplaem,    clear    substance    of 

nrcomere).  In  both  instances  also 
.tile  clear  substance  or  hyaloplasm, 
-*hen  the  tissue  is  subjected  to 
■Itimulation,  passes  into  the  poi'es 
of  the  porous  substance  or  spongio- 
^asm  (contraction),  whilst  in  the 
absence  of  such  stimulation  it  tends 
>to  pass  out  from  the  spongioplasm 
,'i(foTmatiou  of  pseudopodia,  resting 
condition  of  muscle).  The  effect 
flf  Btimulatioii  appears  in  both 
atmcturea  to  be  the  production  of  a 

ihange  in  surface  tension  (perhaps 

between  the  hyaloplasm  and  spon- 
jginplaam) ;  this  change  being  de- 
^mouBliiably  nccompauied  in  muscle 

ly  a  difference  in  electric  potential. 

B  all  probability  such  an  electric 
^auge  occnrs  in  all  protoplasm.    Thus  both  the  movements  of  cell -protoplasm 
^tnd  those  of  muscle  seem  brought  about  by  like  means,  although  at  first 

^jght  the  structure  of  muscle  is  quite  dissimilar  from  that  of  protoplasm. 

We  have  already  noticed  that  the  movements  of  cilia  are  susceptible  of  a 
'    '  similar  explanation. 


Eighly  magnifieii. 
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LESSON    XV. 

CONNEXION  OF  MUSCLE  WITH  TENDON;  BLOOD-  VESSELS  OF 
MUSCLE;  CARDIAC  MUSCULAR  TISSUE;  DEVELOPMENT  OF 
MUSCLE;   PLAIN  MUSCULAR  TISSUE. 

1.  To  study  the  connexion  of  muscle  with  tendon,  a  frog  is  killed  by  destruc- 
tion of  the  brain  and  spinal  cord,  and  placed  in  about  a  litre  of  water  raised 
to  a  temperature  of  55**  C.  It  is  left  in  this  for  15  minutes,  the  water 
gradually  cooling.  It  is  then  easy  to  dissociate  the  muscular  fibres  in  large 
numbers.  To  observe  their  attachment  to  the  tendon-bundles  a  fine  longi- 
tudinal shred  must  be  snipped  off  with  scissors  at  the  tendinous  attachment^ 
and  dissociated  upon  a  sliae  in  a  drop  of  water.  It  will  usually  be  found 
that  the  muscular  substance  is  retracted  from  the  end  of  the  sarcolemma 
tube,  which  is  firmly  cemented  to  the  tendon-bundle.  The  structure  may  be 
brought  more  distinctly  into  view  by  adding  to  the  dissociated  fibres  a  drop 
of  a  weak  solution  of  iodine  in  salt  solution  or  in  serum  (iodised  serum).^ 

2.  The  blood-vessels  of  muscle.  These  are  studied  in  longitudinal  and 
transverse  sections  or  in  fiattened-out  pieces  of  injected  muscle.  It  will  be 
noticed  that  the  capillaries  are  very  numerous,  and  form  a  network  with 
oblong  meshes.  In  the  red  muscles  of  the  rabbit,  small  dilatations  are  seen 
on  the  transverse  cords  of  the  network. 

3.  The  muscular  tissue  of  the  heart  is  studied  in  sections  of  that  organ 
(see  Lesson  XXVII.)  and  also  in  teased  preparations.  To  prepare  the  latter^ 
place  a  small  piece  of  heart-muscle  in  33  per  cent,  alcohol  for  a  few  days  ; 
stain  in  picro-carmine  solution  for  some  hours  or  days  ;  and  tease  in,  dilute 
glycerine. 

4.  Tear  off  a  small  shred  of  the  muscular  coat  of  a  piece  of  cat's  intestine 
which  has  been  for  48  hours  or  more  in  \  per  cent,  bichromate  of  potash 
solution  or  in  33  per  cent,  alcohol.  Hold  the  shred  with  forceps  in  a  arop  of 
water  and  fray  it  out  with  a  needle.  In  this  process  many  cells  will  be  set 
free  and  can  be  found  with  a  low  power.  The  preparation  may  then  be 
covered  and  examined  with  a  high  power.  Sketch  one  of  the  cells.  Then 
allow  dilute  hsematoxylin  solution  to  pass  under  the  cover-glass  and  lastly  a 
drop  of  glycerine.  Sketch  another  cell  after  staining.  Measure  two  or 
three  cells  and  their  nuclei. 


Ending  of  muscle  in  tendon. — A  small  tendon-bundle  passes  to- 
each  muscular  fibre  and  becomes  firmly  united  with  the  sarcolemma, 
which  extends  over  the  end  of  the  fibre  (fig.  136).  Besides  this- 
immediate    attachment,   a  further   connexion  is   established   by   the 

^This  method  is  the  one  given  by  Ranvier  {Traitd  TechniqiLe^  p.  395).  The 
muscle-endings  may  also  sometimes  be  well  seen  at  the  extremities  of  the- 
tendons  which  are  removed  from  the  mouse's  tail  in  the  manner  described  in 
Lesson  X. 
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&ct  that  the  areolar  tissue  between  the  tendon -bundles  is  continuous 
with  that  which  lies  between  the  rauacuiar  fibres. 

Elood-VBflselB  of  niUBCle. — The  capillaiies  of  muscular  tissue  are 
very  numerous.  They  viui,  for  the  most  part,  longitudinally,  with 
transverse  branches,  so  as  to  form  long  oblong  meshes  {fig.  137), 
No  blood-vessels  ever  penetrate  the  sarcolemma.  In  the  red  muBcles 
of  the  rabbit    the  transverse  capillaries  have  small  dilatations   upon 


Associated    with    this    and    other   peculiarities   of 
Btnicture  {see  p.  115),  it  is  found  that  the  red  muscles  have  a  much 
I  Blower  rate  of  tontraction,  and  a  much  longer  period  of  latency  than 
I  tbe  ordinary  muscles. 

Lymph-Tessels,  although  present  in  the  connective-tissue  sheath 
I  (perimysium)  of  a  muscle,  do  not  penetrate  between  the  component 
|.'£breB. 

The  motor  nerves  of  voluntary   muscles  pierce    the   sarcolemma 
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and  terminate  in  ramified  expansions  known  as  end-jdaies  or  motor 
end-organs  ;  the  sensory  nerves  end  in  groupa  of  specially  modified  muscle 
fibres  known  ae  muscle-spindles  (see  Lesaon  XIX.). 

Development. — Voluntary  muscular  fibres  are  developed  from  em- 
bryonic cells  of  the  mesoderm  (muscle-plate),  which  become  elongated, 
and  the  nuclei  of  which  become  multiplied,  so  as  to  produce  long 
slender  multi-nucleated  fusiform  or  cylindrical  embryonic  fibres. 
According  to  most  recent  authorities  the  embryonic  fibres  are  not 
formed  by  the  growth  of  a  single  cell,  but  by  the  joining  together 


Fio.  138.— Vascular  s 
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end  to  end  of  a  number  of  cells  of  the  muscle-plate  (or  even  of  more 
than  one  muscle-plate),  so  as  to  produce  a  syncytium,  within  which 
the  striated  fibrils  make  their  appearance.  These  appear  at  firat 
along  one  side  of  the  fibre,  the  change  gradually  extending  around 
the  circumference  and  also  penetrating  towards  the  centre;  but 
the  protoplasm  at  the  middle  of  the  fibre,  to  which  the  nuclei  are 
presently  confined,  and  at  the  side  opposite  to  that  at  which  the 
difierentiation  began,  remains  for  some  time  unaltered  in  character 
(fig.  139).  Eventually  the  change  in  structure  extends  to  these  parts 
also,  and  the  nuclei  pass  gradually  to  occupy  their  ordinary  position 
under  the  sarcolemma,  which  has  by  this  time  become  formed.  The 
sarcolemma  is  believed  to  be  produced,  not  by  the  muscle-fibre  itself, 
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but  by  the  mesenchyme  or  connective-tissue  cells  between  the  fibres, 
since  it  is  directly  continuous  with  the  connective-tissue  bundles 
of  the  tendon  and  of  the  interstitial  tissue. 


B 


Fig.  139.— Developing  muscular  fibres. 

A,  elongated  cell  with  two  nuclei.     A  striation  is  beginning  in  the  protoplasm  along  one 

side  of  the  cell ;  from  foetal  sheep.    (Wilson  Fox.) 

B,  from  human  foetus  of  two  months.    (Ranvier.)    p,  central  protoplasm  with  several 

nuclei,  n,  scattered  in  it ;  s,  commencing  sarcolemraa,  with  striated  muscular  sub- 
stance developing  immediately  beneath  it. 

G,  from  human  foetus  of  three  months.    (Ranvier.)    The  contractile  substance,  a,  /  now 
almost  incloses  the  unaltered  protoplasm,  g ;  only  one  nucleus,  n,  is  represented. 


CARDIAC   MUSCLE. 

The  muscular  substance  of  the  heart  is  composed  of  transversely 
striated  muscular  fibres,  which  diflFer  from  those  of  voluntary  muscle 
in  the  following  particulars,  viz. : — their  striations  are  less  distinct ; 
they  have  no  sarcolemma,  although  there  is  a  thin  superficial 
layer  of  non-fibrillated  substance;  they  branch  and  unite  by  their 
iKnmoheB  and  also  at  the  side  with   neighbouring  fibres,  and  their 
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nuclei  lie  in  the  substance  and  often  near  the  centre  of  the  fibres. 
In  man  and  many  mamiaals  the  fibres  are  marked  off  into  a  series  of 
short  cylindrical  cells  (figs.  140,  141)  joined  together  end  to  end  and 
aide  to  side,  each  corresponding  to  one  of  the  nuclei.  The  jnnctious  of 
these  cells  may  he  seen  in  longitudinal  sections  appropriately  stained ; 
they  come  also  distinctly  into  view  in  sections  of  the  fresh  tissue 
stained  with  nitrate  of  silver.  They  appear  to  be  bridged  across  by  fine 
fibrils,  continued  into  the  cells  above  and  below  the  lines  of  junction 
(fig.  143).  These  lines  have  usually  been  regarded  as  intercellular 
spaces  separating  the  constituent  cells  of  the  tissue  from  one  another 
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on  the  right  hand  ildo  of  the  figure. 

(Schweigger-Seidel).  But  recent  authorities  (Przewoakj-,  v.  Ebner, 
M.  Heidenhain)  are  inclined  to  regard  the  cardiac  muscular  tissue 
as  forming  a  syncytium,  the  cells  being  all  continuous  both  laterally 
and  longitudinally,  and  the  apparent  intercellular  lines  being  special 
differentiations.  These,  according  to  v.  Ebner,  are  due  to  localised  con- 
tractions, but,  according  to  Heidenhain,  represent  portions  of  the  fibres 
at  which  growth  in  length  occurs  (analogous  to  the  suture-lines 
between  the  flat  bones  of  the  cranium).  As  against  this  view  of  the 
structure  of  the  heart-muscle,  and  in  favour  of  that  of  Schweigger- 
Seidel,  must  be  set  the  silver-staining  of  the  supposed  cell-junctions, 
and  the  fact  that  it  is  easily  possible  in  some  animals  to  separate  the 
fibres  after  maceration  into  short  nninucleated  fragments  as  in  fig.  141. 
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l)ut  by  the  mesenchyme  or  connective-tissue  cells  between  the  fibres, 
since  it  is  directly  continuous  with  the  connective-tissue  bundles 
of  the  tendon  and  of  the  interstitial  tissue. 


•o: 
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Fig.  139.— Developing  muscular  fibres. 

A,  doQgated  cell  with  two  nuclei     A  striation  ia  begiiiuing  in  the  protoplasm  along  one 

side  of  the  cell ;  from  foetal  sheep.    (WiUou  Fox.) 

B,  finom  human  foetus  of  two  months.    (Ranrier.)    p,  central  proto|dasm  with  sereral 

nadei,  n,  scattered  in  it ;  «,  commencing  aarcolemma,  with  striated  muscular  sub- 
sfamoe  developing  immediately  beneath  it. 

Cf  from  hninan  foeCos  of  three  months.    (RanTier.)    The  contractile  substance,  «,  /.  now 
almost  faickises  the  unaltered  protoplasm,  g ;  only  one  nucleus,  n,  is  represented. 


CARDIAC  MUSCLE. 

The  mnsciilar  substance  of  the  heart  is  composed  of  transversely 
ctriatod  muscular  fibres,  which  differ  from  those  of  voluntary  muscle 
in  the  foUowing  particulars,  viz. : — their  striations  are  less  distinct ; 
they  haiwe  no  sarGolemma,  although  there  is  a  thin  superficial 
hycr  of  non-fibrillated  substance;  they  branch  and  unite  by  their 
and  also  at  the  side  with   neighbouring  fibres,  and  their 
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Non-striated,  Smooth  or  Plaim  Muscle. 
InToltLntary  or  plaiii  muBcular  tissue  is  composed  of  long,  somew^ 
flattened,  fusiform  cells  (fig.  HI),  which  vary  much  in  length.     Each 
cell  has  an  oval  or  rod-shaped  niicleiia,  which  showa  the  usual  intra- 
nuclear network  and  commonly  one  or  two  nucleoli.    The  cell-aubBtance 


is  finely  flbrillated,  but  does  not  exhibit  cross-strije  like  those  of 
voluntary  muscle.  There  appears,  as  in  cardiac  muscle,  to  be  a 
delicate  non-atriated  external  layer,  probably  a  stratum  of  undifferen- 
tiated protoplasm,  certainly  not  a  truo  a&rcolemma.  Next  to  this,  in 
some  smooth  muscle,  is  a  layer  containing  coarser  fibrils  (boundary 
fibrils  of  M.  Heidenhain).     There  is  a  little  intercellular  substaoM 


PLAIN  MUSCLE.  127 

which  can  be  stained  by  nitrate  of  silver,  and  which  is  bridged  across 
by  filaments  passing  from  cell  to  cell  (fig.  145).  Some  authorities, 
however,  deny  that  the  involuntary  cells  are  thus  connected,  and  hold 
that  the  appearance  of  bridging  fibres  is  due  to  intercellular  connective 
tissue.  It  is  however  difficult  to  understand  how  the  contractions  are 
propagated  from  cell  to  cell  if  there  is  no  sort  of  continuity  between 
the  cells. 

Plain  muscular  tissue  is  found  chiefly  in  the  walls  of  hollow  viscera ; 
thus  it  forms  the  muscular  coat  of  the  stomach  and  intestines,  and 
occurs  abundantly  in  the  muscular  coat  of  the  gullet,  although  it  is 
hero  intermixed  with  cross-striated  muscle;  it  is  found  also  in  the 
niucous  membrane  of  the  whole  alimentary  canal  from  the  oesophagus 
downwards  ;  in  the  trachea  and  its  ramifications ;  in  the  urinary  bladder 
and  ureters ;  in  the  uterus  and  Fallopian  tubes ;  in  the  prostate ;  the 
spleen  and  lymphatic  glands ;  the  muscle  of  Miiller  in  the  orbit,  and 
in  the  ciliary  muscle  and  iris.  The  walls  of  gland-ducts  also  contain 
it ;  and  the  middle  coat  of  the  arteries,  veins  and  lymphatics  is  largely 
composed  of  this  tissue.  It  occurs  in  the  skin,  both  in  the  secreting 
part  of  the  sweat  glands,  and  in  small  bundles  attached  to  the  hair- 
follicles;  in  the  scrotum  it  is  found  abundantly  in  the  subcutaneous 
t>issue  (dartos),  and  it  also  occurs  in  the  areola  of  the  nipple. 

DeYelopment. — According  to  the  observations  of  C.  M*Gill,  the 
smooth  muscle  of  the  alimentary  canal  (pig)  is  developed  from  the 
syncytium  of  mesenchyme  cells  which  surrounds  the  entoderm. 
Some  of  these  cells  become  elongated  and  spindle-shaped  while 
retaining  their  inter-connexion.  Myofibrils  are  developed  in  their 
protoplasm.  These  are  not  confined  to  the  limits  of  a  single  cell,  but 
extend  over  two  or  even  a  large  number  of  cells.  The  myofibrils  are 
of  two  kinds,  coarse  and  fine,  varying  in  relative  number  in  different 
parts.  The  distinction  is  seen  even  in  the  fully  formed  muscle,  which 
retains  its  syncytial  character,  and  is  not  formed  of  completely 
separated  cells. 

In  certain  situations  smooth  muscle  is  formed  from  epithelium,  as 
with  the  -muscular  tissue  of  the  sweat  glands  (Ranvier)  and  that  of 
the  iris  (Nussbaum,  Szili). 
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LESSON    XVI. 

STRUCTURE  OF  NERVE-FIBRES, 

1.  Tease  a  piece  of  fresh  nerve  rapidly  in  salt  solution  (or  by  the  method  of 
semidesiccation,  afterwards  mounting  in  salt  solution),  injuring  the  fibres  as 
little  and  obtaining  them  as  long  and  straight  as  possible.  Study  the  medul- 
lated  fibres,  carefully  noticing  all  the  structures  that  are  visible — viz.,  nodes 
of  Ranvier,  nucleus  of  primitive  sheath,  double  contour  of  medullary  sheath, 
medullary  segments,  etc.  Measure  the  diameter  of  half  a  dozen  fibres.  Draw 
a  short  length  of  a  fibre  very  exactly. 

2.  Prepare  a  piece  of  sympathetic  nerve  in  the  same  way.  The  nerves 
passing  to  the  spleen  are  well  adapted  for  the  study  of  non-medullated 
fibres.  They  may  also  be  found  amongst  the  medullated  fibres  of  the 
ordinary  nerves.    The  nuclei  may  be  stained  by  gentian  violet. 

3.  Separate  (in  dilute  glycerine)  into  its  fibres  a  small  piece  of  nerve  or 
nerve-root  that  has  been  twenty-four  hours  in  1  per  cent,  osmic  acid.  The 
nerve  should  have  been  moderately  stretched  on  a  piece  of  cork  by  means  of 
glass  pins  before  being  placed  in  the  acid.  Keep  the  fibres  as  straight  as 
possible  and  only  touch  them  near  their  ends  with  the  needles.  Sketch  two 
portions  of  a  fibre  under  a  high  power,  one  showing  a  node  of  Ranvier  and 
the  other  a  nucleus  of  the  primitive  sheath.  Look  for  fibres  of  Kemak. 
Measure  the  length  of  the  nerve-segments  between  the  nodes  of  Ranvier. 

4.  Mount  in  xylol  balsam  or  dammar  sections  of  a  nerve  which  has  been 
hardened  in  picric  acid  and  alcohol,  or  fixed  with  osmic  acid  and  hardened 
in  alcohol.  The  sections  may  be  stained  with  picro-carmine  or  hsematoxylin. 
The  nerve  should  be  pinned  out  straight  upon  a  cork  with  glass  pins  before 
being  placed  in  the  hardening  solutions.  Examine  the  sections  first  with 
a  low  and  afterwards  with  a  high  power.  Notice  the  lamellar  structure  of 
the  perineurium,  the  varying  size  of  the  nerve-fibres,  the  axis  cylinder  in 
the  centre  of  each  fibre,  etc.  Measure  the  diameter  of  five  or  six  fibres, 
and  sketch  a  small  portion  of  one  of  the  sections. 

5.  Study  sections  of  splenic  nerve  placed  as  soon  as  possible  after  death 
in  Flemming's  solution. 

6.  Teased  preparations  and  sections  from  nerves  which,  some  days  pre- 
viously, have  been  cut  nearer  the  spinal  cord.  The  nerves  should  have  been 
prepared  with  osmic  acid,  as  in  §  3.  Notice  the  breaking  up  of  the  myelin 
of  the  medullary  sheath,  varying  in  degree  according  to  the  length  of  time 
the  section  has  been  made  previously.  In  preparations  from  the  central 
cut  end  of  the  nerve  prepared  by  Cajal's  reduced  silver  method  ^  new  fibres 
may  be  seen  budding  from  near  the  extremities  of  the  undegenerated  fibres 
of  the  stump. 


Nerve-fibres  are  of  two  kinds,  medullated  and  non-medullated.     The 
cerebro-spinal  nerves  and  the  white  matter  of  the  nerve-centres  are 

^See  Appendix. 
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oomposed    of  medulkted    fibres;   the  sympathetic    nerves  near  their 
peripheral  distribution  are  largely  made  up  of  non  medullated  fibres. 


Fio.    H7.— Wh; 


B,  JL  conBtricMons  o(  R»iivior,  witli  sitis- 
oyUndcir  p&uluGr  tbrougfa.  a,  naurolemma 
ai  the  nerve  :  c,  oppoHile  tho  middlo  of  the 

pbwQ  lyiiif  hetwoen  tbo  primititfa  aheath 


The  medullated  or  white  fibres  are  chsracterised,  as  their  name 
I  implies,  by  the  presence  of  the  so-called  medulla}  y  ikfalh  or  while 
Wmhstana.     Tbia   is   a   layer  of  soft   substance,    physically  of  a   fatty 


180  THE  ESSENTIALS  OF  HISTOLOGY. 

nature,  wbich  encircles  the  essential  part  of  a  nerve-fibre,  viz.,  the 
(ms-cylinder.  Outside  the  medullary  sheath  is  a  delicate  but  tough 
homogeneous  menibraiie,  the  primitive  shmtk  or  nucleated  sheaih  oj 
SchwanTt,  but  this  is  not  present  in  all  medullated  fibres,  being  absent 
in  those  which  are  within  the  nerve-centres.  The  primitive  sheath  is-^ 
known  as  the  wrurolemma.^ 


FlO.  149.-ABMALLPAl.r 

flBBE.    (Higblf  magnified.  J 

The  fibre  toolu  In  opUi»1  sectioa  like  a  tube— 

hence  the  term  tubular,  (ormerly  epplied  to 

tliBKflbrce.  Two  putUI  breaches  or  cuutinuit; 

(medullaiT  clefts)  ire  sesii  in  the  meduUnrj 


FlO.    150.— Two 


The  medullary  sheath  is  composed  of  a  highly  refracting  fatty  material 
(myelin),  which  gives  a  characteristic  dark  contour  and  tubular  tippearance 
to  the  nerve-fibres  (fig.  147).  It  afi'ords  a,  continuous  investment  to  the 
axis-cylinder,  except  that,  as  was  shown  by  Eanvier,  in  the  peripheral 
nerve-fibres  it  is  interrupted  at  regular  intervals.  At  these  places  the 
neurolemma  appears  to  produce  a  constriction  in  the  nerve-fibre,  and 
the  interruptions  of  the  medullary  sheath  are  accordingly  known  as 
the  eonslnction&  (Ranvier)  or  nodes  (figs,  148,  151),  the  latter  term 
being  applied  from  the  resemblance  which  they  bear  to  the  nodes 
of  a  bamboo.     It  is,  however,   uncertain  whether  the  constriction  is 


.  136). 


I  ri  lemma,," 


g  formerly  applied  also  to  the   ahealh 
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entirety  occupied  by  the  neurolemma  itself  or  partly  by  a  special 
band  (cmistricUng  band  of  Ranvier)  of  a  material  which  reaemblea 
interoeUnlar  Bubstance  in  ita  reaction  to  nitrate  of  silver  (fig.  162). 
The  length  of  nerve  between  two  successive  nodes  is  termed  an  inter- 
node  ;  in  the  middle  of  each  internode  is  one  of  the  nuclei   of  the 


neurolemma.  Besides  these  interruptions  the  medullary  aheath  shows 
a  variable  number  of  oblique  clefts  (Lantermann)  {figs.  149,  151),  sub- 
dividing it  into  irregular  portions,  which  have  been  termed  medullary 
segments;  but  there  is  some  reason  to  believe  that  the  clefts  are 
artificially  produced.  At  the  clefts  there  is  an  appearance  of  spiral 
fibres  in  the  medullary  aheath,  especially  after  treatment  of  the  nerve 


wth  certain  reagents  (Golgi)  (fig.  152);  it  is,  however,  possible  that 
this  appearance  does  not  represent  any  pre-existing  structure. 
-A  reticular  appearance  has  also  been  described  in  the  medullary  sheath 
^newokeralin  network  of  Kuhne),  and  can  be  readily  seen  in  nerve  iibres 
fixed  in  alcohol  and  treated  with  ether,  but  it  varies  greatly  in 
aspect,    and    is    perhaps    produced    by   the  action   of  the  reagents 


(t^crtotl-t.)     (From 


employed  to  show  it  (figs.  153,  lf)3).  By  other  modes  of  fixation 
{e.g.  picric  acid)  the  medullary  sheath  seems  to  ha^'e  a  rod-like 
structure  (fig.  155) ;  this  again  may  be  due  to  the  manner  in  which 
cert&in  of  its  constituents  are  coagulated  by  the  reagent.  Osmic  acid 
B  the  medullary  sheath  black  (figs.  151,  154,  156). 
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The  atas-cylindfi;  which  runs  al' 
a  Hoft  transparent  thread  which 
nerve.  On  account  of  the  peculis 
sheath  it  is  difficult  to  see  the  axii 
the  nodes,  where  it  may  he  observed  stretching  a 


ing  the  middle  of  the  nerve-fibre,  \« 
s  continuous  from  end  to  end  of  the- 
r  refractive  nature  of  the  medullary 
-cylinder  in  the  fresh  nerve  except  at^ 
s  the  interruptions— 


in  the  medullary  sheath ;  it  may  also  sometimes  be  seen  projecting 
from  a  broken  end  of  a  nerve-fibre.     It  is  longitudinalIy_  striated,  being 
made  u]i  of  exceedingly  fine  fibrils  (neiirn-Jibrils,  fig.    154).     They  are 
readily    seen    at    the    terminations 
of  nerves  as  in  the  cornea  and  are 
also  visible  in  the  section  of  a  nerve- 
fibre  as  fine  dots  (fig.  164),  which 
I  ^XKSSff    ^gWWSf  sometimes   appear    to  have  a  clear 

^^^^^1  ^K^^^S^^^^  centre  (fig.    155),    as    if  the  fibrils 

^^^^^^1  ^^^^  ^^S  .cfsrks.  were  tubular.     Staining  with  nitrate 

^^^^^V         y^SSB^t      mSm^^  ^^  silver  produces  a  curious  trans- 

^^^^^^H         ^si™p^    ^^^^a  versely  striated  appearance  in   the 

^^^^^B         ^whM^^     ^^w^  axis-cylinder  (Fromann)  (fig.  162,  c), 

^^^^^^B  ^^iS^'  but  this  is  due    to    the    precipita- 

^^^  Sie.  lS5.-SK(mo>-  ACROSS  f.VK  nehvk-  tion  of  chlorides,  and  does  not 
■^  flBBSB.     (Magnified  1000  ciiameters.)         indicate     a     pre-existing     structure 

■  TLe  nervi  ™  hardsuod  i,,  ,rifrtuKid  »ud       (MaCallum). 
^B  atHjned  with  picTO-mrmiDO.     The  redloi       ^  ' 

H  S'^"nV'in'^nrflb«'ihii!f'T^blB'k\^  Medullated     nerve-fibres     vary 

B  Si^f^?^  °f  ti",  "J-T'ioS'a--    1^"     greatly  in  size  (figs.  156,  156),  but 

^B  ilbril"  of  the  aiti-orlinder  uppeiir  tubuliir.       o  J  \    a  i  /i      - 

■  (Fmiii  a  pbntngiaph.)  may  be  classified  us  large,  inter- 
H  mediak,  and  miall.     The  largest  are 

■  those  which  are  passing  to  the  skin  and  to  the  voluntary  muscles ;  the 
I  smallest  are  those  which  are  distributed  to  the  viscera  and  blood- 
I  vessels  by  way  of  the  autonomic  nerves.'     As  shown  by  (.laakell,  the 

I  the 

L 


'This  term  lias  been  introduced  by  Laugley  u>  include  lioth  tlie  nerves  of 
the  ayinpathetic  ayatem  and  also  tlie  analogoas  oerveg  which  proi^ed  from  the 
Gvanial  and  saural  regi'ine  for  the  innervation  of  certain  iovnluntary  tiiuaoles 
etLiig  glands- 
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ftnterioF  roots  of  the  last  one  or  two  cervical  nerves,  of  all  the 
■tiioracic,  of  the  first  and  second  lumbar,  and  of  the  second  and  third 
sacral  nerves  contain  besides  the  ordinary  large  medulkted  fibree  a 
bundle  of  very  small   medullated  fibres  which  are  destined  for  the 


Fio.  156.— Sbction 

nerve  via  fixed  witb  o! 


viscera  and  blood-vessels,  and  which  for  the  most  part  pass  to  the 
sympathetic  system.  The  roots  of  some  of  the  cranial  nerves  (the 
spinal  accessory,  vagua,  glossopharyngeal,  and  facia!)  contain  similar 
fine  medulkted  fibres. 

Non-medullated  fibres.  ^Intermingled   with   the  meduUated   fibres 
there  may  always,  even  in  the  cerebro-spinal  nerves,  be  found  a  certain 


(Magnified  400  dlBiniitera.) 

number  of  pale  fibres  devoid  of  the  dark  double  contour  which  is 
'■oharacteristio  of  the  presence  of  a  medullary  sheath.  These  are  the 
frgy  or  n&iirmedullakd  Jibres,  also  called,  after  their  discoverer,  fibres  of 
'^mak  {fig.    157).    They  frequently  branch,   which   the  meduUated 
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fibres  rarely  do  except  near  their  termination,  and  they  are  bewt 
with  numerous  nuclei  which  perhaps  belong  to  a  delicate  sheatb, 
but  this  is  not  certain,  and  undoubtedly  both  in  longitudinal  view  and 
in  cross  section  the  nuclei  aeem  to  lie  in 
the  substance  of  the  fibres.  The  sympathetic 
nerves,  as  they  approach  their  peripheral  dis- 
tribution, are  largely  made  up  of  fibres  of  this 
nature,  but  many  of  the  fibres  contained  in 
the  sympathetic  nerves  possess  a  thin  medul- 
lary sheath,  and  have  the  usual  structure  of 
medullated  fibres. 

Structure  of  the  nerve-trunks. — In  their 
course  through  the  body  the  nerve-fibres  are 
gathered  up  into  bundles  or  funkuU,  and  the 
fiiniculi  are  again  united  together  to  form  the  nerves  which  we 
meet  with  in  dissection.  The  connective  tissue  which  unites  the 
funiculi  and  invests  the  whole  nerve,  connecting  it  to  neighbouring 


(Tuoket 


bv       Jbe  Sut-otUlM  ls9 


parts  and  conveying  to  it  blood-vessels  Hmphatic!  and  even  nerve 
fibres  destined  for  its  coats,  is  termed  the  ept  ei  r  u  it  tiequently 
contains  fat-cells.  That  which  ensheaths  the  luniculi  is  known  as 
the  fer'meurivin  (figs.  159  to  Ifil).  It  haB  a  d  stn  ctly  lamellar 
structure  (fig.  160),  the  lamellae  Vemg  composed  of  connective 
tissue  covered  by  flattened  epithelioid  cells  (fig     162    a)      Bettru 


Fig.  181.— Section  of  ths  thoracic  sihfathkti 
(tisoher  )     OBmic  pre)  aration 
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supporting  the  longitudinally  aiTan^ed  meshwork  of  blood-capillaries, 
and  its  interaticeB  communicate  with  the  lympb-cleftB  of  the 
perineurium. 

All  the  brancheB  of  a  nerve,  and  even  single    nerve^bres  which 
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are  passing  to  their  distribution,  are  invested  with  a  [»x>longation  of 
the  perineural  sheath,  which  is  then  known  as  the  skealh  of  Henie. 


If  If 
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FlO.  162.— NEBTES   HTAtNBTI   WITK  atLVBB  N 

\,  the  epltlieliAJ-lIke  la^er  of  tiatt 


The  nerve-trunks  themselves  receive  nerve-fibres  {nervi  n«rwrum) 
which  ramify  chiefly  in  the  epineurium  and  terminate  within  this 
in  end-bulbs  (Horsley)  (fig.  160,  e). 

The  degenerative  processes  which  occur  in  cut  nerve-fibres  as  well 
as  the  subsequent  reparative  processes  will  be  dealt  with  after  the 
structure  of  nerve-cells  has  been  studied  (see  p.  154). 


NERVE-CELLS. 


LESSONS   XVn.    AND   XVIIT. 

NERVE-CELLS. 

1.  Put  a  Eiiia,ll  piece  of  spinal  ganglion  into  1  per  cent,  oamic  acid  fur  u 
lew  houra.  Place  in  water  containing  a  (ragraent  of  thjmol  for  two  daya 
or  more.  Tease  m  dilute  glycerine.  Notice  the  Bpheroidal  ganglion  ■cells  ; 
their  large  nuclei  and  distinct  nucleoli.  Many  of  the  cells  may  still  be  seen 
within  their  nucleated  metnhranous  sheath.  Look  for  ceils  which  xtill  retain 
the  aiia-cy Under  process  and  for  T-shaped  Junctions  of  ner'e-fibres  with 
this.  Fat-cella  may  be  present  in  the  poriganglionic  connective  tissue. 
These  will  appear  intensely  hiack  iit  osmic  preparations. 


3.  Prepare  a  niece  of  sympathetic  ganglion  as  in  §g  I  and  2.  If  from  a 
robbit  observe  that  many  of  the  cells  are  bi-nucleated. 

Measure  two  or  three  cells  in  each  of  the  above  preparations. 

4.  Mount  stained  aectiona  of  ganglia,  both  spinal  and  sympathetic.  These 
■will  serve  to  show  the  arrangement  of  the  cells  and  fibres  in  the  ganglion 
and  the  nucleated  sheaths  around  the  nerve  cells. 

The  ganglia  may  be  fixed  and  hardened  in  saturated  solution  of  corrosive 
sublimate  or  of  picric  acid  or  in  10  per  cent,  formol.  They  may  either  be 
Btaiiied  in  hulk  or  aectione  cut  from  paraffin  and  alained  on  the  slide  bv 
Misal's  method.  Ehrlich's  methylene  blue  method,  Golgi'a  silver  chromate 
inethod,  or  Cajal's  silver  reduction  method,  especially  the  last  named,  are 
rH  useful  for  showing  the  cells  and  their  connectiona  with  nerve-fibres. 
^ese  methods  are  described  in  the  Appendix. 

B.  Place  a  portion  of  the  grey  matter  from  a  piece  of  apinal  cord  in  33  per 
«ent.  alcohol.  After  macerating  for  two  days  or  longer  in  thia  fluid,  a  little  of 
the  ^rey  matter  may  be  shaken  up  in  a  test-tube  with  water  so  as  to  bteak  it 
Up  into  fine  fragmenta.  Allow  these  to  subside,  decant  off  the  water  and 
substitute  a  dilute  solution  (1  to  500^  of  methylene  blue  or  solution  of 
picrocarroine.  Wlieu  it  appears  sufficiently  stained  some  of  the  debris  is 
pipetted  off  and  examined  under  a  low  power  of  the  niiciosrope  ;  at  first 
without  a  cover-glass  so  that  the  cells  way,  it  neceaaary,  be  separated  from 
the  rest  of  the  tissue.     Mount  in  water  with  a  thick  hair  under  the  cover- 

S"«s.  Notice  the  lai-ge  branching  cells,  some  with  a  mass  of  pigment  near 
e  nucleus.  Observe  the  fibrillation  of  the  eel  I- processes.  Many  axis- 
Slinders  will  he  seen  in  this  preparation  deprived  wholly  or  partially  of 
eir  medullary  sheath,  and  their  fibiillar  structure  can  then  aJso  be  well 
seen.  Carefully  sketch  these  appearances.  To  keep  the  methylene  hlue 
preparation  the  stain  must  be  fixed  with  picrate  of  ammonia,  after  which 
%  mixture  of  glycerine  and  picrate  of  ammonia  may  be  used  for  mounting. 
If  pici'ocarmine  is  used  the  specimen  is  simply  preserved  in  dilute  glycerine. 
Similar  preparations  may  he  made  from  the  grey  matter  of  the  cerebral 
cortex  and  cerebellar  cortex. 
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6.  Examiue  sections  of  spinal  cord,  medulla  oblongata  and  brain  stained 
by  methylene  blue  (NissPs  method),  to  exhibit  the  angular  particles  within 
the  nerve-cells. 

7.  Examine  sections  of  parts  of  brain,  spinal  cord  and  ganglia  prepared  by 
CajaPs  method,  to  exhibit  the  neurofibrils  in  the  cells  and  cell-processes. 

8.  Examine  the  nerve-cells  and  neuroglia-cells  in  sections  from  the  spinal 
cord,  cerebrum,  or  cerebellum  of  a  small  animal,  e.g,  young  rat  or  kitten, 
prepared  by  Golgi's  method.  The  sections  must  be  mounted  in  thick  xylol 
balsam  or  dammar  varnish,  without  a  cover-glass,  and  dried  rapidly  on  a 
warm  plate. 

9.  Examine  sections  of  spinal  cord  (lumbar  enlargement)  and  correspond- 
ing spinal  ganglia  from  an  animal  in  which  the  sciatic  nerve  had  been  cut 
about  three  weeks  before  it  was  killed.  The  sections  are  to  be  stained  by 
Nissl's  method.  Many  of  the  anterior  horn  nerve-cells  and  of  the  ganglion- 
cells  on  the  side  of  the  lesion  will  exhibit  the  chromatolysis  or  breaking  down 
of  the  Nissl  granules,  which  is  characteristic  of  cells  the  axons  of  which  have 
been  severed.    They  may  be  compared  with  the  normal  cells  on  the  intact  side. 


Nerve-cells,  neurocytes  or  neurones. — Nerve-cells  occur  in  the  grey 
matter  of  the  nerve  centres,  and  in  little  groups  on  the  G0ui*8e  of 
certain  of  the  peripheral  nerves,  these  groups  often  causing  nodular 
enlargements  of  the  nerves,  which  are  known  as  ganglia.  The  most 
conspicuous  ganglia  are  those  which  are  found  upon  the  posterior  roots 
of  the  spinal  nerves,  upon  the  roots  of  some  of  the  cranial  nerves, 
and  upon  the  trunk  and  principal  branches  of  the  sympathetic  nerve. 
Minute  ganglia  are  also  found  very  numerously  in  connection  with  the 
nerves  which  are  supplied  to  glands  and  involuntary  muscular  tissue, 
as  in  the  salivary  glands,  heart,  alimentary  canal,  bladder,  uterus,  etc. 

Nerve-cells    vary  much    in    size    and    shape;    many    are    large, 
some   being   amongst   the  largest  cells  met  with  in  the  body,   but 
others  are  quite  small.     All  nerve-cells  possess  at  least  one  process, 
the  a^xon^  which  becomes  either  a  non-medullated  fibre  or  the  axis- 
cylinder  of  a  medullated  fibre.     If  other  processes  are  present  they 
are  always  branched  almost  from  their  commencement  at  the  cell-body, 
and  they  are  therefore  termed  dendrons  (dendrites).     The  nucleus  is 
generally  large,  clear,  and  spherical,  with  a  single  large  and  distinct 
nucleolus;  there  may  also  be  a  network  of  chromatin,   but  this   is 
not   always   to   be   seen.     The    cytoplasm   is    fibrillated,   the   fibrils 
passing  into  the  processes;  they  are  known  as  neuro-fibrils  (p.  132), 
and  are  believed  to  be  the  actual  conductors  of  nerve-impulses.     It 
also  contains  peculiar  angular  particles  {Nissl  granules)  staining  deeply 
with  methylene  blue,  but  the  size,  number,  and  arrangement  of  these  in 
different  cells  vary  greatly  (fig.  163).     The  granules  also  vary  in  number 
and  size  with  the  physiological  condition  of  the  cells ;  thus  it  is  fouiid 
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that  nerve-cells  which  have  been  fatigued  by  prolonged  activity  (fig. 

164),  and  also  those  the  axis-cylinder  process  of  which  has  been  cnt 
165),  show  the  Nissl  granules 
becoming  disintegrated ;  they  may 
even  disappear  for  a  time  from 
the  cell.  A  similar  result  is  found 
to  occur  after  the  action  of  poisons 
which  especially  affect  the  nervous 
system.  The  Nissl  granules  of 
the  nerve-cell  appear  to  consist 
(bomically  mainly  of  nucieoproleid; 
tliey  contain  organically  combined 
iion  (Macallum).  Many  nerve-cells 
biive  also  a  clump  of  pigment- 
granules,  coniaitiing  lecithin,  at 
one  side  of  the  nucleus.  This  is 
especially  marked  in  certain  locali- 
ties (locus  cosruleus,  locus  niger), 
and  is  more  frequent  in  man  than 
in  the  lower  animals.  The  pigment 
J  tends  to  increase  in  amount  as 
1  age  advances. 

As  already  stated,  the  body    of 

every   nerve-cell  is  traversed   by  fine  fibrils  {newro-fibrils)  continuous 

with  those  in  the  axis-cylinder  of  the  issuing  nerve  and  with  similar 


^,  Iflul  grviuleH  normal ;  B^  commoDclng  diromatalrflla,  the  cell  and  nucleuB  awollan 
■Dd  thfl  granulM  boginning  to  disiotognitB  (tho  nuoleiiB  !b  uaiiHlly  close  to  the 
peHpberr  at  tUB  bIs^b);   C,  adiunced  condition  of  ebromatalysls,  the  csU  aod 
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of  fihrila  with  Bomewhat  larger  meshes  [deep  reticulum  of  Golgi)  (fig.  168) 
in  the  deeper  parts  of  the  cell.     According  to  some  authoritieB  both 
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superficial  and  deep  networks  are  in  continuity  throughout  the  cell, 
and  rec«ive  and  are  prolonged  from  the  neuro-fibrila  of  an  entering 
axon  on  the  one  hand,  and  with  those  of  the  axis-cylinder  process  of 
the  nerve-cell,  and  also  of  the  dendrona,  on  the  other  hand.  Other 
authorities  regard  these  networks  as  distinct  from  the  nenro-fibrils, 
which  they  suppose  to  run  independently  through  the  narvB-cell  body, 
entering  it  by  way  of  the  dendrons  and  emerging  in  the  axon. 

Trophospongium  of  nerve-cells.— Entirely  distinct  from  the  fibrils 
18  a  system  of  fine  canaliculi,  which  has  been  described  by  E.  Holmgren, 
permeating  the  cytoplasm  of  the  nerve-cell  body  for  the  purpose 
of  subserving  its  nutrition  by  conveying  plasma  into  its  substance  (see 
fig.  4,  p.  i).  These  channels  are  stated  by  Holmgren  to  be  occupied  by 
branching  processes  of  othei'  (connective-tissue  or  neuroglia)  cells.  In 
the  very  large  nerve-colls  from  which  the  nerves  of  the  electric  organs 
of  Malapterurus  arise  blood. vessels  penetrate  into  the  cytoplasm. 


FrocesBeB  of  neire-cells. — As  already  intimated  the  processes  are  of 
L  two  kinds.  The  first  is  that  known  as  the  a^h-cyliruier  process  (Deitera) 
I  or  nm'ee-Jibi-e  process,    so  called  because    jt  becomes   the  axis-cylinder 

,  nerve-fibre  (fig.  169  a,  a);  in  the  case  of  the  non-medullated 
I  fibres,  it  becomes  the  nerve-fibre  itself.  It  is  also  termed  the  neuvaxon 
\  or  simply  the  iiyw. 

Probably  no  nerve-cell  is  without  this  process.  The  place  where  it 
E  arises  from  the  body  of  the  nerve-eel!  (r.one  of  origin)  is  marked  off  from 

rest  of  the  cell -substance  by  absence  of  Nissl  granules  (see  fig.  163). 
I  The  other  processes  of  the  nerve-cell  are  those  which  were  termed 
thy 'D^Mf.Talhe,  proioplitsmk processes;  they  are  now  usually  termed  the 
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dendrons  or  dendriles  and  are  generally  multiple,  whereas  the  aion 
is  generally  Bingle.  The  dendrone  are  characterised  by  the  fact  that 
as  soon  as  they  leare  the  cell  they  begin  to  branch  detidritically, 
whereas   the    axis-cylinder    process    does   not   branch   until    near  its 


termination,  with  the  exception  of  a  few  fine  lateral  offshoots,  which 
are  sometimes  given  off  in  its  course.  Dendrons  may  be  absent  j 
the  cell  is  then  adendrio.  Most  tierve-cells  have  only  one  nerve-fibre 
process  (wiipolar),  but  some  have  two  or  more  {bipolar,  multipolar). 
The  dendrons  contain  Nissl's  granules,  but  the  axons  do  not. 


}  in  opposite 


PROCESSES  OF  NERVE-CELLS. 

The  shape  of  the  cell  depeoda  largely  on  the  number  of  processes, 
and  the  manner  in  which  they  come  off  from  the  cell.  If  there  is  but 
■one  chief  process  the  cell  is  generally  nearly  spherical.  Thia  ia  the 
case  with  most  of  the  cells  of  the  spinal  ganglia  (fig,  163,  B) ;  in  these 
the  single  process,  after  a  short  course,  divides  into  two  fibres,  which 
pass  the  one  centrally  the  other  peripherally  {fig.  178).  When  there 
are  two  main  processes  from  a  nerve-cell  they  often  go  o 
Hiirections  from  the  cell,  which  is  thus 
rendered  somewhat  spindle-shaped 
(fig.  170),  but  occasionally  they 
emerge  at  the  same  part.  When 
there  are  three  or  more  processes, 
the  cell  becomes  irregularly  angular, 
.as  in  the  motor-cells  of  the  spina! 
cord  and  the  pyramidal  cells  of  the 
cerebral  cortex. 

In  some  cases  where  there  appear 
to  be  two  fibres  connected  with  a 
«ell,  one  of  them  is  derived  from 
another  nerve-cell  elsewhere,  and  ia 
passing  to  end  in  a  ramification 
■which  envelops  the  cell-body.  In 
certain  situations  the  ramification 
is  coarse  and  forms  a  ca!yx-like 
investment  to  the  cell-body :  this 
investment  may  be  so  intimately 
united  to  the  body  of  the  second 
cell  that  it  appears  to  be  rooted  into 
the  external  layer  (fig.  171);  in 
other  places  the  pericellular  fibrOs  Meth^en^Mufp^^^on^"""'^^ 
are   very  fine  and    form  a  felt-work 

over  the  cell-body  (fig.  172),  the  fibrils  coming  in  eontaot  with 
the  surface  of  the  cell  and  sometimes  ending  in  small  button-like 
enlargements  or  varicosities. 

In  preparations  made  by  Golgi'a  chromate  of  silver  method  the 
nerve-cells  and  their  processes  are  coloured  black  by  a  deposit  of 
reduced  silver,  so  that  the  processes  can  be  traced  for  a  considerable 
distance  from  the  body  of  the  cell,  in  fact  in  many  instances  as  far  as 
their  remotest  ramifications.  It  ia  found  by  the  employment  of  this 
method  that  the  axis-cylinder  process  ia  not  always  an  unbranched 
process,  as  was  formerly  supposed,  but  that  it  usually,  if  not  invariably, 
'  I  am  imlebteil  to  Dr.  J.  Turner  for  the  drawing  here  reproduced. 


Q,  173.— PKEIOKLLDItlB  NKURO-FIBBILB 
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Inma ;  p,  apical  dendrijn  ramifying  near  sun 
coUatemli ;  b,  fibres  of  nMte  mattar  of  In 
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gives  off  fine  latent)  branches  (collaterals),  which  tbemBelves  tend  to 
ramify  in  the  adjacent  nerve-Bubatance  (fig.  173).  And  although  the 
main  part  of  the  axiacylinder  proceaa 
iisualfy  passes  on  and  becomes  part  of  a 
long  medullated  nerve-fibre  (cell  of  type 
I.  of  Golgi,  fig.  173),  this  is  not  alwajrs 
the  case,  for  in  another  type  of  nerve-cell 
within  the  nerve-centres  (cell  of  type  II. 
of  Gdgi,  fig.  174)  the  axis-cylinder  pro- 
ceaa breaks  up  almoat  immediately  into 
an  arboreecence.  Moreover,  the  long 
process  of  type  1.  (which  becomes  the 
asis-cylinder  of  a  long  nerve-fibre)  ulti- 
mately ends  in  a  similar  manner,  that 
is  to  say,  in  a  terminal  ramification  or 
arborescence,  as  will  be  seen  in  study- 
ing the  endings  of  nerve-fibres,  and 
the  structure  of  the  central  nervous 
system. 

Neurone  theory.— Each  nerve-cell  is 
generally  regarded  as  an  anatomically 
independent  element  {neme-unit,  neurone), 
and  the  connection  of  one  nerve-cell 
with  another  is  believed  to  be  effected 
through  the  medium  of  the  terminal 
arborisations  of  the  dendrons  or  axons. 
Such  arborisations  from  different  cells 
may  interlace  with  one  another  (as  in 
the  olfactory  glomeruli,  in  the  retina, 
and  in  the  sympathetic  ganglia)  (fig. 
175),  or  a  terminal  arborisation  from  one  cell  may  embrace  the 
body  or  the  cell-processes  of  another  cell ;  as  with  the  cells  of  the  spinal 
cord  (fig.  176)  and  the  cells  of  the  trapezoid  nucleus  of  the  pons  Varolii 
(fig.  171)  and  in  many  other  places.  The  term  netav-syTiapse  may 
be  applied  to  these  modes  of  junction.  By  them  nerve-cells  are 
linked  together  into  long  chains  of  neurones,  the  physiological  path 
being  uninterrupted,  although  the  anatomical  path  is,  as  above  indi- 
cated, believed  to  be  interrupted  at  the  synapses. 

The  doctrine  of  the  anatomical  independence  of  the  nerve-cell  is  known  aa 
the  "  neurone-theory "  (Waldeyer).  It  is  supported  by  the  appearances  of 
chromate  of  silver  preparations  or  nerve-cells.  In  these  the  reduction  of  the 
silver  is  strictly  confined  to  single  cells,  which  bectsne  stained  with  all  their 
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proceaaea  ;  and  these  procesBes,  when  demoustrated  bj  this  method,  a 
found  in  continuity  either  with  the  |)rc)ceB9e6  or  with  the  bodies  of  other 
iierve-cella.     Moreover  many  nt  the  facta  relating  to  nerve-degeneration  can 
he  more  readily  interpreted  by  this  theory  than  by  one  which  aasumea  the 
existence  of  direct  continuity   between  the  iierve-units.    But  it  has  been 
shown   by  Apathy   that   in   annelide   (the   nervous   system   of  which   was 
formerly  supposed  to  offer  a  typical  example  of  isolated,  linked  "neurones"), 
the  fibrils  are  in  fact  continuous  from  cell  to  cell  and  are  not  interrupted  at    i 
the  svnapaea  ;    it  ia  therefore  poaaible  that  the  same  may  prove  true  for 
vertebrates  also,  in  which  case  the  doctrine  of   independent  units  would    I 
require  modification.      We    may  aC    any  rate  assume  the  troth  of    tba   | 
hypothesis  ao  far  as  the  nittrition  of  all  the  processes  of  the  nerve-cell  to 

lation   ia  concerned,  independently   of   the   question    I 
whether  there  is  or  is  not  anatomical  continuity  of  uerve-fibrils  from  one 
unit  to  the  other  ;   for  there  are  many   examples   in   both   animal   and 
plant   cella   of   such  interdependence   by  means   of  fibrils,  combined    with 
trophic  independence. 


.  eDteriug  tbs  ^n^llon 


B  leavlti^  the  ganifliou  to  Join  tlie  mix 
^e  san^loii ;  4,  priadpal  group  of  nor' 


cell  is  connected.  In  the  spinal  gajiglia,  and  in  many  of  the  corra-  < 
sponding  ganglia  on  the  roots  of  the  cranial  nerves  of  mammals  and  of 
most  other  vertebrates,  the  cells  have  only  one  issuing  process,  the 
axis-cylinder  process,  which  soon  acquires  a  medullary  sheath  and  then 
pasaes  with  a  somewhat  convoluted  course  to  some  little  distance  from 
the  cell-body,  where,  still  within  the  ganglion,  it  divides  into  two,  one 
fibre  passing  to  the  nerve-centre,  and  the  other  towards  the  periphery. 


148  THE  ESSENTIALS  OF  HISTOLOGY. 

gives  off  fine  lateral  branches  (cdlatends),  which  tfaemaelveB  tend  b> 
ramify  in  the  adjacent  nerve-aubstance  {fig.  173).  And  although  the 
main  part  of  the  axis-cylinder  process 
usually  passes  on  and  becomeH  part  of  a 
long  meduUated  nerve-fibre  {cell  of  type 
I.  of  Gdgi,  fig.  173),  this  is  not  always 
the  case,  for  in  another  type  of  nerve-cell 
within  the  nerve-centres  {celi  of  tifpe  II. 
of  Gdgi,  fig.  17i)  the  axis-cylinder  pro- 
cess breaks  up  almost  immediately  into 
an  arborescence.  Moreover,  the  long 
process  of  type  I.  (which  becomes  the 
axis-cylinder  of  a  long  nerve-fibre)  ulti- 
mately ends  in  a  similar  manner,  that 
is  to  say,  in  a  terminal  ramification  or 
arborescence,  as  will  be  seen  in  study- 
ing the  endings  of  nerve-fibree,  and 
the  structure  of  the  central  nervous 
system. 

Nenrone  theonr.— Each  nerve-cell  is 
generally  regarded  as  an  anatomically 
independent  element  {nervt-unit,  neurone), 
and  the  connection  of  one  nerve-cell 
with  another  is  believed  to  be  effected 
through  the  medium  of  the  terminal 
arborisations  of  the  dendrons  or  axons. 
Such  arborisations  from  different  cells 
may  interlace  with  one  another  (as  in 
the  olfactory  glomeruli,  in  the  retina, 
and  in  the  sympathetic  ganglia)  (fig. 
175),  or  a  terminal  arborisation  from  one  cell  may  embrace  the 
body  or  the  cell-processes  of  another  cell ;  as  with  the  cells  of  the  spinal 
cord  (fig,  176)  and  the  cells  of  the  trapezoid  nucleus  of  the  pons  Varolii 
(fig.  171)  and  in  many  other  places.  The  term  nxuro-m/napse  may 
be  applied  to  these  modes  of  junction.  By  them  nerve-cells  are 
linked  together  into  long  chains  of  neurones,  the  physiological  path 
being  uninterrupted,  although  the  anatomical  path  is,  as  above  indi- 
cated, believed  to  be  interrupted  at  the  synapses. 
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The  doctrine  of  the  aiiatomical  independence  of  the  nerve-cell  ia  known  aa 
the  "neurone-theory"  (Waldeyer).  It  is  supported  by  the  appearances  of 
chromate  of  silver  preparations  of  nerve-cells.  In  these  the  reduction  of  the 
silver  is  strictly  confined  to  single  cells,  which  become  stained  with  all  their 


m  ;  and  these  processes,  when  demouBtrated  bj  this  metfaod,  a 
ioxmd  in  continuity  either  with  the  processes  or  with  the  bodies  of  other 
iiei'Te-cella.  Moreover  many  of  the  facts  relating  to  nerve- degeneration  k 
be  more  readil)'  interpreter  b;  this  theory  than  by  one  which  assumes  the 
existence  of  direct  uoiitinuity  between  the  nerve-units.  But  it  has  been 
shown  by  Apithy  that  in  annelids  (the  nervous  system  of  which  waa 
formerly  supposed  to  offer  a  typical  example  of  iaolatedi  linked  " neurones"}, 
the  fibrils  are  in  fact  continuous  from  cell  to  cell  and  are  not  interrupted  at 
the  synapses ;  it  ia  therefore  possible  that  the  same  niav  prove  true  for 
vertebrates  also,  in  which  case  the  doctrine  of  independent  units  would 
require  modification.  We  may  at  any  rate  assume  the  truth  of  the 
hypothesis  so  far  as  the  Tmtritwn  of  all  the  processes  of  the  nerve-cell  to 
their  remotest  termination  ia  concerned,  independently  of  the  question 
whether  there  is  or  is  not  anatomical  continuity  of  nerve-fibrils  from  one 
unit  to  the  other  ;  for  there  are  many  examples  in  both  animal  and 
plant  cells  of  such  interdependence  by  means  of  fibrils,  combined  with 
trophic  independence. 


STRUCTURE  OF  OANOLIA. 

In  the  ganglia,  (fig.  177)  each  nerve-cell  has  a  nucleated  sheath  which 
3  continuous  with  the  neurolomma  of  the  nerve-iibre  with  which  the 
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cell  is  connected.  In  the  gpitutl  ganglia,  and  in  many  of  the  corre- 
sponding ganglia  on  the  roots  of  the  cranial  nerves  of  mammals  and  of 
moat  other  vertebrates,  the  cells  have  only  one  issuing  process,  the 
axie-cylinder  process,  which  soon  acquires  a  medullary  sheath  and  then 
passes  with  a  somewhat  convoluted  course  to  some  little  (listance  from 
the  cell-body,  where,  still  within  the  ganglion,  it  divides  into  two,  one 
fibre  passing  to  the  nerve-centre,  and  the  other  towards  the  periphery. 


SYMPATHETIC  GANGLIA. 


fibre,  but  is  octaBionally  finely  meduUated.  Iti  certain  animals  (rabbit, 
hare,  guinea-pig)  the  sympathetic  cells  have  each  two  nuclei  (fig.  184). 
In  the  frog  they  are  unipolar,  but  sometimes  with  a  second  spiral  fibre 
winding  round  the  issuing  axon. 


The  cells  of  ganglia  are  disposed  in  aggregations  of  different  size, 
[  separated   by  the   bundles  of  nerve-fibres  which   are    traversing  the 
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ganglion  (fig.  177)-  The  ganglion  if  large  ia  inclosed  by  an  investing 
capsule  of  connective  tissue  which  is  continuous  with  the  epineurium 
and  perineurium  of  the  entering  and  issuing  nerve-trunke. 


L 


DEGBNERATION    AND   REGENERATION    OF  NERVE-FIHRKS   AND 
NERVE-CF.LLS. 

Since  each  nerve-fibre  is  the  process  of  a  nerve-cell,  when  a  nerve  is 
cut,  the  separated  part  degenerates.  Its  axis-cyiinder  becomes  broken  up 
and  disappears,  Che  nuclei  of  the  neurolemma  multiply,  and  the  medullary 
sheath  undergoes  a  process  of  disintegration  into  droplets  of  fatty 
substance  which  stain  intensely  like  fat  itself  in  a  mixture  of  bichro- 
mate of  potash  and  osmic  acid  which  does  not  stain  the  medullary 
aheath  of  normal  fibres.  The  change  which  results  in  the  fibres  was 
described  by  A.  Waller  i?i  1850,  and  is  known  as  Wallei-ian  degmeraiion 
(fig  187,  A  to  c).  In  man  and  mammals  these  changes  begin  2i  to  48 
hours  after  section  of  the  nerve,  and  proceed  rapidly,  so  that  by  the 
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third  day  the  iierve-fibreB  cease  to  conduct  impulses.  \^'hen  a  peri- 
pheral nerve  is  cut,  al!  the  nerve-fibrea  distal  to  the  point  of  section 
must  degenerate,  because  all  have  grown  from  and  are  processes  of 
nerve-cells  in  or  near  the  nerve-centre — -the  afferent  fibres  from  the 
ceUa  of  the  ganglion  on  the  posterior  root,  the  efferent  fibres  from  the 
cells  of  the  anterior  horn  of  the  spinal  cord. 


Waller  supposed  that  no  changes  are  produced  centrally  to  the 
injury  when  a  nerve  ia  cut,  nor  indeed  is  there  any  obvious  immediate 
alteration  in  the  nerve-fibre  itself  between  the  injury  and  the  cell- 
body,  although  it  is  stated  that  the  fibrils  of  the  axis-cylinder  dis- 
appear for  a  time.  But  it  was  found  by  Niasi  that  degenerative  changes 
occur  in  the  cell-body  of  every  cell,  whether  motor  or  sensory,  the 
axis-cylinder  of  which    has   been    severed.'      These   changes  become 

'  But  BectioD  of  tha  p       n 
d^enerKtion  of  the  gang        c 
a  spinii]  Dorve  alway  d 


ganglia  doe 
.     Nor  doe 
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n  hy   heae  apparenC  exceptiooa  occur 
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apparent  a  few  days  after  section  of  the  nerve-fibre  and  consist  io 
a  disintegration  of  the  chromatin  granules,  associated  at  first  with 
a  general  swelling  of  the  cell-body  and  nucleus,  which  passes  to  the 
periphery  of  the  cell.  After  a  time  the  disintegrated  chromatid 
substance  becomes  in  great  measure  removed  and  the  cell-body  and 
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n 
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Fig.  187.— Degeneration  and  regeneration  of  nerve-fibres  in  the  rabbit* 

(Ranvier.) 

A^  part  of  a  uerve-fibre  in  which  degeneration  has  commenced  in  consequence  of  the 
section,  fifty  hours  previously,  of  the  trunk  of  the  nerve  higher  up ;  my,  medullary 
sheath  becoming  broken  up  into  drops  of  myelin ;  j9,  granular  protoplasmic  8ub> 
stance  which  is  replacing  the  myelin  ;  n,  nucleus ;  g^  neurolemma.  B^  another 
fibre  in  which  dcgfeueration  is  proceeding,  the  nerve  having  been  cut  four  days  pre- 
viously ;  T),  as  before ;  cy,  axis-cylinder  partly  broken  up,  and  the  pieces  inclosed  in 
portions  of  myelin,  my.  C,  more  advanced  stage  of  degeneration,  the  medullary 
sheath  having  almost  disappeared,  and  being  replaced  by  protoplasm,  j),  in  which, 
besides  drops  of  fatty  substance,  m,  are  numerous  nuclei,  n",  which  have  resultea 
from  the  division  of  the  single  nucleus  of  the  intemode.  2),  commencing  regener- 
ation of  a  nerve-fibre.  Several  small  fibres,  t,  t\  have  sprouted  from  the  some- 
what  bulbous  cut  end,  &,  of  the  original  fibre,  t\  a,  an  axis-cylinder  which  has  not 
yet  acquired  its  medullary  sheath ;  «,  «',  neurolemma  of  the  original  fibre. 
A,  C,  and  D  are  from  osmic  preparations;  5,  from  an  alcohol  and  carmine  pre- 
paration. 


nucleus  become  shrunken  in  volume.     This  process  of  disintegration 
and  disappearance  of  chromatin  may  be  termed  Nissl  degeneration :  it 
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is  also  known  ae  ckromalolysis.  It  is  brought  about  not  only  by 
section  of  the  axon,  but  also  as  the  result  of  oxceBsive  fatigue  of 
the  intact  cell  (fig.  164),  and  of  the  action  of  a  large  number  of 
drugs  and  poisons. 

The  chromatolysis  may  be  persistent  or  may  be  recovered  ^om. 
Sometimes  it  is  followed  by  almost  complete  atrophy  of  the  cell- 
body,  and  when  this  is  marked  there  may  be  a  secondary  Wallerian 
degeneration  of  the  part  of  the  nerve-fibre  still  attached  to  the  cell. 
The  chromatolysis  is  accompanied  by  changes  in  the  neurofibrils 
of  the  cells,  which  stain  differently  and  become  granular  (Marinesco). 

Begeneration. — After  a  certain  lapse  of  time,  especially  if  the  cut 
ends  of  the  nerve  are  in  apposition,  continuity  between  tbem  may 
become  re-established.  But  when  Buch  regeneration  takes  place  in 
the  cut  nerve,  it  is  effected  not  by  a  re-establiahment  of  connection 
between  the  degenerated  fibres  and  the  fibres  of  the  central  stump, 
but  by  an  outgrowth  of  new  fibres  from  the  stump  (figs.  187,  D ;  188), 
which  endeavour  to  find  their  way  to  the  periphery  along  the  course 
of  the  degenerated  fibres.  If  they  succeed  in  doing  so,  the  continuity 
and  conducting  power  of  the  nerve  become  ultimately  restored.  This 
may  not  happen  for  three  months  or  more,  according  to  the  length 
of  nerve  cut  off  and  the  nature  of  the  severance,  although  the  process 
begins  within  a  few  days  of  the  injury  in  man.  Some  investigators 
have  attempted  to  show  that  regeneration  may  take  place  independently 
in  the  peripheral  part  of  the  cut  nerve,  but  the  evidence  offered  is 
not  conclusive,  although  changes  occur  in  the  peripheral  part  pre- 
paratory to  the  dowM-growth  of  new  fibres  into  it  (Molt,  Halliburton 
and  Edmunds).  There  appears,  however,  to  be  no  union  of  the  down- 
growing  fibres  with  regenerated  fibres  in  the  peripheral  part.  The  recent 
investigations  of  Cajal  have  shown  conclusively  that  whenever  con- 
tinuity is  re-established  it  is  invariably  due  to  the  growth  of  fibres  from 
the  central  stump  of  the  cut  nerve.  These  down-growing  fibres 
are  usually  terminated  by  a  button-like  swelling  similar  to  that  which 
characterises  the  growing  fibres  of  the  embryonic  nerves  (incremental 
cone),  and  they  may  also  exhibit  numerous  lateral  ramifications  (figs. 
188,  189).  Even  when  the  cut  central  stump  is  turned  backwards 
and  fixed  amongst  the  muscles  or  under  the  skin  a  certain  number 
of  newly-budded  fibres  may  find  their  way  from  it  into  the  degenerated 
peripheral  part  of  the  nerve. 

If  regeneration  fail  to  establish  itself,  the  central  end  of  the  out 
fibre  and  the  cell-body  from  which  it  takes  origin  undergo  slow 
atrophic  changes  resulting  from  disuse.  These  atrophic  changes  may 
nately    extend   to   other   links    in    the    cell-chain,    so   that   even 


t 
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remote  cells  in  the  same  physiological  path  may  eventually  become 
atrophied  (Chidden's  atrophy). 
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No  regeneration  of  cut  nerve-fibres  ever  oceurB  in  the  brain  or 
spinal  cord,  although  the  process  of  degeneration  of  fibres  which 
are  cut  off  from  their  cell-bodies  occurs  in  the  same  manner  as 
at  the  periphery,  and  the  Nissl  degeneration  also  takes  place  in  the 
eell-bodiea.  Both  in  the  nerve-centres  and  in  the  peripheral  nerves  (if 
ition  fail  to  occur),  the  place  of  the  degenerated  nerve-fibrea 
intually  occupied  by  strands  of  fine  fibres,  somewhat  similar 
to  the  fibres  of  cicatricial  tissue.  These  strands  stain  deeply  with 
remain  unstained  by  osmic  acid  and  by  the  Weigert-Pal 
(  method,  and  are  thus  differentiated  ftum  the  surrounding  normal 
I  medullated  nerves. 


NEUROGLIA, 


In  the  brain  and  spinal  cord  the  nerve-cells  and  nerve-fibres  art 
supported  by  a  peculiar  tissue  which  has  been  termed  the  neuroglia 
It  is  composed  of  cells  and  fibres,  the  latter  being  prolonged  from  and 


through  the  cells.  Of  the  fibres  some  are  radially  disposed.  These 
start  partly  from  the  lining  layer  of  the  central  canal  of  the  spinal 
cord  and  the  ventricles  of  the  brain,  where  they  are  originally  if 
not  permanently  continuous  with  the  ciliated  epithelium  cells  lining 
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theau  cavities.  They  course  in  a  radial  direction,  slightly  diverging 
as  they  proceed,  and  constantly  branching,  towards  the  eurface 
of  the  organ,  where  they  end  in  eniargementa  attached  to  the 
pia  mater  {fig.  191,  a).  The  radial  neuroglia  ceils  and  fibres  are 
best  seen  in  the  embryo  before  the 
nervous  elements  are  fully  developed 
(fig.  190);  when  first  distinct  they 
are  termed  sponffiohlasls  (His). 

Other  neurogiia-fibres  are  prolonga- 
tions or  cell-processes  of  branching 
neuroglia-cells  (</lia-cdls).  The  cells 
are  stellate  in  shape  (fig.  192),  and 
their  fine  processes  pass  as  neurogiia- 
fibres  between  the  nerve -cells  and 
nerve-fibres,  which  they  aid  in  sup- 
porting. There  appear  to  be  two 
kinds  of  these  neiiroglia-cells  differing 
from  one  another  in  the  character  of 
their  processes  (Andriezen).  In  the 
one  kind  the  processes  branch  re- 
peatedly {urbwescenl  cells)  (fig.  191,  b) 
unbrancbed  from  their  origin  in  the 
{spider-cells)  (fig.  191,  c). 

Some   authorities   (e.y.    Weigert)   have 
neuroglia  are  inter-  not  intra-cellular,  although  it  ia  admitted  by  all  that 
they  are  formed  originally  by  the  neuroglia -cells. 
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DEVELOPMENT  OF   NRRVK-CELIS  AND    NERVE-FIBRES. 

All  nerve-cells  in  the  body  are  developed  from  the  cells  of  the  neural 
groove  and  neural  crest  of  the  early  embryo  ;  the  neural  groove  closing 
to  form  the  neural  canal  (fig.  193),  the  cells  of  which  form  the  spinal 
cord  and  brain,  and  the  neural  crest  giving  off  at  inter\'al8  sprouts 
which  become  the  germs  of  the  spina!  ganglia.  The  cells  which  line 
the  neural  canal  are  at  first  all  long  columnar  cells,  but  amongst  these, 
and  probably  produced  by  cell-division  from  some  of  these  (fig.  194, 17), 
rounded  celts  (neuroblasts)  make  their  appearance,  the  remaining 
elongated  cells  forming  the  Sftrngioblaxts.  Soon  from  each  neuroblast 
a  process  begins  to  grow  out  (fig.  194,  11,  and  fig.  195).  This  is 
the  axon,  and  it  is  soon  characterised  by  an  enlarged  extremity 
(incremental  cone)  (fig.  196,  /t,  h;  fig.  197,  B,  e).  As  it  grows,  it  may 
emerge  from  the  anterolateral  region  of  the  canal  and  become  the 
axia-eylinder  of  a  moior  nerve  or  anierim'  root-fibre.     The  dendrons  of 
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the  cell  appear  Homewhat  later  than  the  axon.  The  axis-cylinder 
processes  of  some  of  the  neuroblasts  remain  n-ithin  the  nerve-centre, 
and  are  developed  into  commissural,  association,  and  intercentral 
fibres. 


The  sprouts  from  the  neural  crest  eoutiiin  the  neuroblasts  from  which 
the  posterior  rootr-fibres  are  developed.  Axons  grow  out  from  these 
neuroblasts  in  two  directions,  bo  that  the  cells  become  bipolar  {fig.  198). 


Fig.  196.— Hectioso 
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Tertebrates,  by  a  shifting  of  the  two  axoDs,  into  unipolar  cells  (&g. 
198,A,i,j;  fig.  199);  but  in  some  fishes  the  cells  remain  jjermanently 
bipolar  (fig,  170).  This  is  also  the  case  with  the  ganglion-cells  of  the 
eighth  cranial  nerve  (ganglion  of  Scarpa  and  ganglion  of  the  cochlea). 

The  ganglia  on  the  sympathetic  and  on  other  peripheral  nerves  are 
developed  from  small  masses  of  neu  rob  last-cells  which  separate  off 
from  the  germs  of  the  spinal  ganglia  and  give  origin  to  axons 
SDd  dendrons  much  in  the  same  way  as  do  the  neuroblasts  within 
the  central  nervous  system. 


164  THE  ESSENTIALS  OP  HISTOLOGY. 

The  manaer  in  which  the  medullaiy  sheath  and  Deurolemma  of 
the  nerve-fibres  are  formed  is  not  well  understood.  It  ie  usually 
assumed  that  they  are  also  ectodermic  in  origin  and   are  developed 
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from  ectoderm  eella  which  grow  out  from  the  embryonic  central 
nervous  system  along  the  axis-cylinder  processes  of  the  neuroblasts. 
But  this  is  by  no  means  clear.     It  is  more  probable  that  the  medullary 
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substance  is  formed  by  the  axis-cylinder  itself,  and  that  the  neurolemma 
with  its  nuclei  is  derived  from  extrinsic  cells,  perhaps  of  mesodermic 
origin. 

The  neuroglia-cells  appear  to  be  developed  from  ectoderm  cells 
(spongioblasts)  of  the  wall  of  the  neural  canal,  which,  in  place  of 
giving  off  axon  and  dendrons  like  the  neuroblasts,  send  out  a  number 
of  fine  processes  in  all  directions  from  the  cell  to  form  the  fibres 
of  the  neuroglia.  It  is  held  by  some  authorities  that  the  neuroglia  has 
a  double  origin,  some  of  the  cells  being  developed  from  ectoderm  and 
others  from  mesoderm. 

.  Some  neurologists  are  of  opinion  that  the  nerve-fibres  do  not  grow  out 
from  single  nerve-cells  in  the  manner  above  described,  but  are  formed  of 
chains  of  cells  which  emerge  from  the  neural  ectoderm  or  from  the  ganglion- 
rudiments,  and  join  end  to  end  into  a  syncytium,  which  gradually  lengthens 
out  into  the  nerve-fibre,  the  nuclei  of  the  syncytium  becoming  the  nuclei  of 
the  sheath  of  Schwann,  and  the  protoplasm  of  the  syncytium  becoming 
differentiated  into  axis-cylinder,  medullary  sheath,  and  neurolemma  as 
development  advances.  Others,  whilst  agreeing  that  the  axis-cylinders 
grow  out  as  cell  processes  from  the  neuroblasts  of  the  neural  caual  and 
ganglia,  describe  those  outgrowing  processes  as  surrounded  by  other  neural 
ectcSerm  cells — lemmal  cells — which  accompany  them  in  their  progress 
through  th^  tissues,  multiplying  as  they  proceed,  and  forming  eventually 
tire  nucleated  sheath  of  Schwann  of  the  medullated  nerve. 
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LESSON    XIX. 

MODES  OF  TERMINATION  OF  NERVE-FIBRES. 

1.  Shell  out  a  Pacinian  corpuscle  from  a  piece  of  cat's  mesentery  either  fresh, 
or  after  having  been  kept  for  two  or  three  days  in  ^  per  cent,  chromic  acid 
or  in  5  per  cent,  formol.  Clear  it  as  much  as  possible  of  adhering  fat,  but  be 
careful  not  to  prick  or  otherwise  injure  the  corpuscle  itself.  Mount  in  water  or 
saline  with  a  thick  hair  to  prevent  crushing  with  the  cover-glass.  Sketch  the 
corpuscle  under  a  low  power,  and  afterwards  draw  under  a  high  power  the 
part  of  the  core  where  the  nerve  enters  and  the  part  where  it  terminates. 
Notice  the  fibrous  structure  of  the  lamellar  tunics  of  the  corpuscle  and  the 
oval  nuclei  belonging  to  flattened  epithelioid  cells  which  cover  the  tunics. 
The  distinct  lines,  which  when  seen  in  the  fresh  corpuscles  are  generally 
taken  for  the  tunics,  are  really  the  optical  sections  of  these  flattened  cells. 

Pacinian  corpuscles  may  be  observed  in  sections  of  skin  ;  tactile  corpuscles 
and  end-bulbs  may  also  be  seen  in  certain  parts  of  the  integument. 

2.  Study  the  corpuscles  of  Grandry  and  of  Herbst  in  sections  of  the  skin 
covering  the  duck's  bill. 

3.  Mount  in  dilute  glycerine  sections  of  a  rabbit's  cornea  which  has  been 
stained  with  chloride  of  ^old  by  Klein's  method.  Notice  the  arrangement  in 
plexuses  of  the  darkly -stained  nerve-fibres  and  fibrils,  (1)  in  the  connective- 
tissue  substance,  (2)  under  the  epithelium,  and  (3)  between  the  epithelial 
cells.     Make  one  or  two  sketches  showing  the  arrangement  of  the  fibrils. 

4.  Spread  out  a  small  piece  of  muscle  which  has  been  stained  with  chloride 
of  gold  by  Lowit's  method,  or  with  hsematoxylin  by  Sihler's  method,  and 
examine  it  with  a  low  power  to  find  the  nerve-fibres  crossing  the  muscular 
fibres  and  distributed  to  them. 

The  pieces  of  muscle  may  advantageously  be  thinned  out  for  observation 
by  pressure  upon  the  cover-glass.  Search  thoroughly  for  the  close  terminal 
ramifications  (end-plates)  of  the  axis-cylinders  immediately  within  the  sar- 
colemma. 

These  nerve-endings  as  well  as  others  elsewhere  can  also  be  displayed  in 
preparations  made  by  Ehrlich's,  Golgi's  or  Cajal's  methods  (see  Appendix). 


Modes  of  ending  of  sensory  nerve-fibres. — Nerve-fibres  which  are 
distributed  to  sensory  parts  end  either  in  special  organs  or  in  free 
terminal  ramifications,  these  last  being  usually  in  epithelia.  Within 
the  special  organs  the  actual  nerve-ending  is  also  generally  ramified. 

Nerve-endings  in  special  connective-tissue  organs. — Three  chief 
kinds  of  these  special  organs  are  usually  described,  represented  in 
man  by  Pacinian  corpuscles,  tactile  corpuscles,  and  end-bulbs.  The  type  is 
the  same  in  all :  a  lamellated  connective-tissue  capsule  enclosing  a  core 
of  a  soft  material  which  appears  to  be  composed  of  nucleated  proto- 
plasmic cells ;  the  capsule  being  an  expansion  of  the  perineurium,  and 
the  core  of  the  endoneurium  of  the  nerve.     Within  the  core  the  axis- 
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cylinder  torminateB  either  simply  or  by  a  more  or  less  complex 
arboreseenoe.  The  variations  which  occur  are  chiefly  due  to  the 
complexity  of  the  capsule,  which  is  simplest  in  the  eiid-biilba  and 
most  complex  in  the  Pacinian  corpuscles.    In  the  tactile  corpuscles 
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and  end-bulbs  the  connective-tissue  sbeath  of  the  medullated  fibre 
expands  to  form  a  bulbous  enlargement,  which  is  cylindncal  or 
spheroidal  in  the  end-bulbs  and  ellipsoidal  in  the  tactile  corpuscles. 
In  both  kinds  of  end-orgatt  as  the  nerve-fibre  entera  (which  in  the 
tactile  corpuscle  only  happens  when  it  baa  reached  the  distal  part, 
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after  having  wound  spirally  once  or  twice  rouiLd  the  corpuscle)  it 
loses  its  sheaths  and  ia  prolonged  aa  an  axis-cylinder  only ;  this  gene- 
rally ramifies  and  its  branches  terminate  after  either  a  straight  or 
a  convoluted  course  within  the  organ;  but  it  sometimes  remains 
almost  unbranched  {see  figs.  200  to  205).  Tactile  corpuaclea  occur 
in  some  of  the  papillte  of  the  skin  of  the  hand  and  foot,  in  sections 
of  which  they  can  be  studied  {see  fig.  377).  End-bulbs  are  found 
in  the  conjunctiva  of  the  eye,  where  in  most  animals  they  have  a 
cylindrical  or  oblong  shape,  bat  in  man  they  are  spheroidal  (fig.  301). 
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They  have  also  been  found  in  papiUie  of  the  lips  and  tongue,  in 
s  membranes,  in  tendons  and  aponeuroses,  and  in  the  epineurium 
of  the  nervB-tninks ;  and  Bomewhat  similar  sensory  end-organs 
(t/eniUd  corpuscles)  also  occur  in  the  integument  of  the  external  genital 
organs  of  both  sexes  {fig.  203).  Similar  bodies  of  larger  size  are 
also  met  with  in  the  neighbourhood  of  the  joints  {articular  corpuscles). 
In  the  sldn  covering  the  bills  of  certain  birds  (e.g.  duck),  a  simple  form 
of  end-organ  {corpuscle  of  Grandry,  fig.  206)  occurs,  consisting  of  two 
or  more  cells  arranged  in  rows  within  a  capsule,  with  the  axis-cylinder 
terminating  in  flattened  expansions  {lactile  disks)  between  the  cells. 


I 


Metbylene  blue  preiHiraCioii. 
(Dogiel.) 
a,  msdullated  iwrve-flbre ;  fi,  Bteath  of  end-bulb. 

The  Paj-JTiiB.n  corpuscles  are  larger,  and  have  a  more  complex 
Btmcture,  than  the  tactile  corpuscles  and  end-bulbs  (fig.  207),  They 
are  composed  of  a  number  of  concentric  coats  arranged  like  the  layers 
of  an  onion,  and  inclosing  the  prolonged  end  of  a  nerve-fibre.  A  single 
meduUated  nerve-fibre  goes  to  each  Pacinian  corpuscle,  encircled  by 
a  prolongation  of  the  perineurium  {sheath  of  Henle),  and  within  this  by 
endoneurium ;  when  it  reaches  the  corpuscle,  of  which  it  appears 
to  form  the  stalk,  the  lamellie  of  the  perineurium  expand  into  the 
tunics  of  the  capsule.  The  nerve  passes  on,  piercing  the  tunics,  sur- 
rounded by  endoneurium,  and  still  provided  with  medullary  sheath,  to 
reach  the  central  part  of  the  corpuscle.  Here  the  endoneurium  is 
prolonged  to  form  a  core  of  cylindrical  shape,  along  the  middle  of 
which  the  nerve-fibre,  now  deprived  of  its  medullary  and  primitive 
sheaths,  passes  in  a  straight  course  as  a  simple  axis-cylinder  (tigs. 


i 
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207,  n' ;  208,  c.f)  to  terminate  at  the  farther  end  of  the  core,  either  in 
an  arborieation  or  in  a  bulbous  enlargement.  In  its  course  through 
the  core  it  may  give  off  lateral  ramifications,  which  penetrate  to  all 
parts  of  the  core,  and  themselves  end  in  fine  branches. 


THE  cat's  UEBENTBaT. 
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Besides  the  meditllated  fibre,  wliich  ia  always  very  conspiououa,  it  has  been 
shown  that  both  thu  Paciuiaii  and  Herbat  corpuscleB  receive  in  addition  a 
fine  non- medulla  ted  nerve-fibre,  which  arborizes  over  the  outer  surface  of  the 
core.  A  aiuiilar  arrangeoient  also  obtains  in  Grandry'e  corpuscles,  where  the 
tactile  cells  are  surrounded  with  such,  an  arborization  (Dogiel  and  others). 


The  tunics  of  the  capsule 
fibres  of  which  for  the  roost 


are  composed  of  connective  tissue,  the 
part  run  circularly      They  are  covered 


Fig    208.— Part  o 


— fcduts 

71  nude     f  tl 

in  the  outer  pB     ul  tie  i 

Fio    'TO— Pacini *^ 


SB  of  which  tho7  e 


on  both  aurfacci  with  a  layer  of  flattened  epithelioid  cells  (fig.  209), 
and  here  and  there  cleft-like  Ij  mph  spaces  can  be  seen  between  them 
Jike  those  between  the  layers  of  the  perineurium. 

Pacinian  coipiiscies  occur  in  many  parts  e.g.  in  the  deeper  layers  of 
the  akin  of  the  hands  and  feet  in  the  periosteum  of  some  bones,  in 
the  neighbouihood  of  tendons  and  ligaments,  in  the  connective  tissue 
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at  the  bock  of  the  abdomen,  stid  (in  the  cat)  very  numerouslf  ii 
meaentery,  where  they  are  most  easily  got  for  observation. 


A  simple  form  of  Pacinian  i 
of  regularly  arranged  cell*  occ 


jrpuBcle  with  fewer  tunics  and  a  core  formed   j 
irs  ill  birda  (curpwKlet  of  Harhat,  fig.  211). 


Although  most  of  the  nerve  endings  in  connective- tissue  structures  | 
are  enclosed  within  lamellated  capsules,  nerves  are  found  to  end  i 

some  situations  in  arborisations  between  the  bundles  of  connective-  j 

tissue  fibres.    This  has  been  shown  by  Dogiel  to  occur  in  intermuscular  | 
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con  nee  live- tissue  septa  (fig.  912);  and  in  eerous  membranes  (fig.  213); 
in  the  latter  such  arborisations  may  be  quite  superticial  and  placed  just 
below  the  endothelium. 

Organs  of  Ruffini. — Those,  which  resemble  long  cylindrical  end-bulbs, 
are  composed  of  connective-tissue  bundles,  within  which  the  axis- 
cylinders  of  the  nerves  ramify,  and  end  in  flattened  expansions.     They 
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occur  commonly  in  the  subcutaneous  tissue  of  the  human  finger  (fig. 
214).  Other  end-bulb-like  organs,  spheroidal,  oval,  or  cylindrical  in 
form,  have  been  described  by  Ruffini  under  the  name  of  Golgi-Mazzoni 
corpuaclea;  they  appear  to  be  varieties  of  the  ordinary  end-bulb 
of  W.  Krauae.  They  occur  in  tendons  and  in  the  subcutaneous  tissue 
of  the  pulp  of  the  finger. 


Fie,  214, —A  HBETB  riBHE 


(Barker,  after  Buffini.) 


Organs  of  Oolei. — A  special  mode  of  nerve-ending  is  met  with  in 
many  tendons,  near  the  points  of  attachment  of  the  muscular  fibres. 
The  ten  don-bund  lea  become  somewhat  enlarged  and  split  into  a 
number  of  smaller  fasciculi,  and  the  nerve-fibres— one,  two,  or  even 
more  in  number— pass  to  the  enlarged  part,  and  penetrating  between 
the  fasciculi  of  the  tendon  lose  their  medullary  sheaths,  while  the 
cylinders  end  in  a  terminal  arborisation,  beset  with  irregular  vari- 
cosities. The  structure  (fig.  215)  is  enclosed  within  a  fibrous  capsule 
continuous  with  the  areolar  tissue  covering  the  bundles  of  the  tendon 
and  between  the  capsule  and  the  organ  proper  is  a  lymph-space, 
similar  to  that  which  is  found  in  the  muscle -spindle  (see  p.  179). 

Free  nerve- endings, — When  sensory  nerve-fibres  terminate  in  epi' 
thelium,  they  generally  branch  once  or  twice  in  the  subepithelial 
connective  tissue  on  nearing  their  termination.  The  sheaths  of  tho 
fibres  then  successively  become  lost,  first  the  connective  tissue  or 
perineural  sheath,  then  the  medullary  sheath,  and  lastly  the  neuro- 
lemma, the  axis-cylinder  being  alone  continued  as  a  bundle  of  primitive 
fibrils  (fig.  216).  This  branches,  and  with  the  ramifications  of  the 
axis-cylinders  of  neighbouring  nerve-fibres  forma  a  primary  plexus. 


Fid.  218.— Plbkds  of  nbkve  pibbeb  is  thb  babbtt's  cornea  ! 
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From  the  pnmary  plexus  smaller  branches  come  off,  and  these  form 
a  secondary  plexus  nearer  the  surface,  generally  immediately  under 
the  epithelium  if  the  ending  is  in  a  membrane  covered  by  that  tissue. 
Finally,  from  the   secondary   plexus   nerve  fibrils  proceed   and   form 


Fm.  217.— Vebtical  s 


terminal  ramifications  amongst  the  tissue  cells  (fig.  217,  p,  b),  the 
actual  ending  being  generally  in  free  varicose  fibrils  (6).  This  mode 
of  ending  is  characteristically  seen  in  the  cornea  of  the  eye,  but  can 
also  be  rendered  evident  in  other  epithelia  (fig.  218).     The  fibrillar 
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Structure  of  the  ramifications  of  the  axis-cylinders  is  very  apparent 

in  some  of  the  preparations  figured. 

In  some  situations  the  nerve-fibrils  within  a  stratified  epithelium 
terminate  in  flattened  or  crescenlic  expansions  which  lie  in  the  inter- 
stices of  the  deeper  epithelium  cells,  to  some  of  which  they  are  applied. 


i 
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These    expansions   are    known    as   taeliU  disks ;    they   are    character- 
istically developed  in  the  skin  of  the  pig's  snout  (fig.  21fl),  and  are  also 
found  in  the  outer  root  sheath  of  hairs  and  in  the  deeper  parts  of  the 

epidermis  in   various  parts.      With  appropriate  treatment  it  may  be 
shown  that  they  consist  of  a  fine  network  of  neuro-fibriis  (fig.  220). 
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Sensory   nerves   of  muscles. — The   sensory  nerves  of  musclea  enc 

in    peculiar    organs    which    were  termed    by    Kiihne    musele-spindles 
Their  structure  has  recently  been  specially  investigated  by   Eutfini 

M 

^ 
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Huber,    and    Dogiel  ;    and    also    by    Sherrington,    who    fans    shown 
that  the  large  meduUated  nervea  which   they  receive  (about  three 
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MUSCLE-SPINDLES, 


H    or  four  such  fibres  entering  each  spindle  not  far  from  its  equator), 

■      are  derived  from  the  poaterior  root-ganglia. 

The  muscle-Bpindle  is  a  fusiform  body,  from  0'75  to  4  mm,  long, 
and  from  0-08  to  0-2  mm.  in  diameter;  it  lies  parallel  with  the 
general  direction  of  the  fibres  of  a  muscle.  It  consists  of  a  lamellated 
connective -tissue  sheath  externally,  within  which  is  a  bundle  {intrafusal 
bundle)  of  from  two  to  twelve  peculiar  muscle-fibres.  These  form  an 
axial  mass  with  some  connective  tissue  and  the  nerve-fibres  ;  between 
this  axial  bundle  and  the  sheath  is  a  lymphatic  periaxial  space,  bridged 


Fig.  323.— Sknboht 


I 


across  by  tilameiits  of  connective  tissue.  The  intrafusal  muscle-fibres 
are  somewhat  like  embryonic  fibres  in  appearance,  being  smaller  than 
the  ordinary  fibres  of  the  muscle  and  having  a  relatively  large  number 
of  nuclei  with  surrounding  protoplasm,  as  in  the  red  variety  of  muscle. 
At  the  proximal  end  of  the  spindle  they  are  usually  only  two  or  three 
in  number,  but  they  become  cleft  as  they  pass  through  it ;  at  the  distal 
end  they  may  terminate  in  tendon  bundles.  The  nerve-fibres  which 
pass  to  the  spindle  are  mostly  of  large  sine ;  they  divide  after  reaching 
the  intrafusal  bundle,  but  retain  their  medullary  sheath  for  a  time, 
although  eventually  terminating  as  axis-cylinders  merely,  which  wind 
in  a  spiral  manner  around  the  intrafusal  muscle  fibres  (figs.  221,  222), 
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which  they  clasp  by  flattened  encircling  branches  {annulo-^ral  endings). 
Other,  much  finer,  medullated  fibreB  also  pass  to  the  spindle  and  termi- 
nate in  neighbouring  parts  of  the  intrafueal  bundles  in  flower-like  or 
plate-like  ezpansions  (fig.  221).  According  to  some  observers  these  fine 
fibres  are  prolonged  from  the  annulo-spiral  endings  of  the  coarser  fibres ; 
but  Dogiel  states  that  they  may  run  independently  to  the  intrafusal 
bundle.  No  motor  nerve-fibres  appear  to  pass  into  the  spindles,  unless 
the  fine  fibres  above  mentioned  are  to  be  ao  regarded,  nor  do  the 
muscle-fibres  of  the  spindle  undergo  atrophy  on  section  of  the  motor 
nerve-roote,  as  is  the  case  eventually  with  the  ordinary  muscle -fibres.  It 
is  not  uncommon  to  find  two  or  three  spindles  close  together  or  even 
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inclosed  in  a  common  sheath.  Muscle-spindles  are  few  in  number  in 
the  eye-musclee,  and  have  not  yet  been  found  in  the  muscles  of  the 
tongue,  but  otherwise  their  occurrence  is  general. 

In  the  frog  both  motor  and  sensory  nerves  may  terminate  in  and  between 
the  same  muscle- fibres,  but  at  different  parts  of  the  fibre.  It  is  not  known 
whether   the   muBcle-tibres  of   the   spindles   also   receive   motor   nerves  in 


Another  kind  of  ending  of  sensory  fibres  in  muscle  has  been  described 
by  Ceccherelli,  in  the  form  of  an  arborisation  of  nerve-fibrils  around  the 
ends  of  the  muscle-fibres  which  are  inserted  into  tendon  (fig.  223). 

Endins  of  motor  nerves. — The  motor  nerves  to  muscles  terminate  in 
fine  ramifications  of  the  axis-cylinder ;  in  striated  (voluntary)  muscles 
the  ramification  is  localised  in  special  organs  termed  moUrr  end-organs,  or, 
less  correctly,  end-plates. 


ENDING  OF  MOTOR  NERVES. 
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In  voluntary  muscle,  the  nerves,  which  are  always  medullated, 
terminate,  as  just  stated,  in  special  end-organs  (figs.  224  to  226).  A 
meduUated  fibre  will  branch  two  or  three  times  before  ending,  and  then 
each  branch  passes  straight  to  a  muscular  fibre.  Having  reached  this, 
the  neurolemma  of  the  nerve-fibre  is  continued  into  the  sarcolemma  of 
the  muscle,  the  medullary  sheath  stops  short,  and  the  axis  cylinder  ends 
in  a  close  terminal  ramification  with  varicose  expansions  upon  its 
branches.  This  ramification  is  embedded  in  a  layer  of  granular 
nucleated  protoplasm  (sole)  (fig.  226,  6),  probably  a  development  of  the 
sareoplasm  of  the  muscle.  In  some  cases  the  ramification  is  restricted 
to  a  small  portion  of  the  muscular  fibre,  and  forms  with  the  granular 
bed  a  slight  prominence  (emini^nce  of  Doifere).     This  is  the  case  in  insects 
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and  mammals.  In  the  lizard  the  ramification  is  rather  more  extended 
than  in  mammals,  whilst  in  the  frog  it  is  spread  over  a  considerable 
length  of  the  fibre.  The  ramification  shows  a  fibrillar  structure 
{fig.  227),  which  is  especially  evident  at  the  enkrgements.  In 
mammals  there  appears  to  be  only  one  end-plate  to  each  fibre,  while 
in  reptiles  there  may  be  several.     The  end-piate  is  covered,  externally 


INVOLUNTARY  MUSCLE. 

to  the  aarcolemma,  by  an  expansion  of  the  sheath  of  Henle  of  the 
nerve-fibre  (klolemma). 

In  involuntary  muacle,  Vioth  plain  and  cardiac  (fig.  228),  the  nerve- 
fibres,  which  near  their  termination  are  entirely  non-meduliated,  end  in 
plexuses.  The  primary  plexuses  are  generally  furnished  with  ganglion- 
cells  in  abundance.     Such  gangliatecl  plexuses  are  best  developed  in 


Fio.  22«.— Eni 


connection  with  the  intestine.  From  the  cells  of  these  plexuses  other 
nerve-fibres  pass  which  form  secondary  plexuses  and  terminal  ramifica- 
tions amongst  the  contractile  fibre-cells,  to  the  surface  of  which  the 
endings  of  the  branches,  often  slightly  enlarged,  are  applied  (Hubor 
and  de  Witt). 
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LESSON  XX. 

STRUCTURE  OF  THE  LARGER  BLOOD-VESSELS. 

1.  Sections  of  a  medium-sized  peripheral  artery  and  vein,  e,g,  popliteal  or 
ladial.  In  this  preparation  the  limits  of  the  vascular  coats  can  be  well  seen 
and  also  the  differences  which  they  present  in  the  arteries  and  veins  respec- 
tively. The  sections  may  be  stained  with  hsemalum  and  eosin  or  with  orcein, 
and  mounted  in  dammar  or  xylol  balsam. 

2.  Mount  in  xylol  balsam  or  dammar  a  thin  slice  cut  from  the  inner 
surface  of  a  large  artery  which,  after  having  been  cut  open  longitudinally 
and  washed  with  distilled  water,  has  been  rinsed  with  nitrate  of  silver 
solution  and  then  with  distilled  water  and  exposed  to  the  sunlight.  The 
vessel  should  then  be  hardened  in  alcohol,  or  it  may  be  exposed  in  this  to  the 
light.  This  preparation  will  show  the  outlines  of  the  epithelium-cells  which 
line  the  vessel.     A  similar  preparation  may  be  made  from  a  large  vein. 

3.  A  piece  of  an  artery  which  has  been  macerated  for  some  days  in  33  per 
cent,  alcohol  is  to  be  teased  so  as  to  isolate  some  of  the  muscular  cells  of  the 
middle  coat  and  portions  of  the  elastic  layers  (networks  and  fenestrated 
membranes)  of  the  inner  and  middle  coats.  The  tissue  may  be  stained 
cautiously  with  diluted  hsemalum,  and  glycerine  afterwards  added.  The 
muscular  cells  are  recognisable  by  their  irregular  outline  and  long  rod- 
shaped  nuclei.  Sketch  one  or  two  and  also  a  piece  of  the  elastic  network  or 
of  fenestrated  membrane.  The  fenestrated  membrane  is  best  obtained  from 
one  of  the  arteries  of  the  base  of  the  brain  ;  it  is  also  well  seen  in  the  arteries 
within  the  kidney. 

4.  Transverse  sections  of  aorta  and  carotid.  Notice  the  differences  in 
structure  between  these  and  the  section  of  the  smaller  artery. 

5.  Transverse  section  of  vena  cava  inferior.  Notice  the  comparatively 
thin  layer  of  circular  muscle,  and  outside  this  the  thick  layer  of  longitudinal 
muscular  bundles  in  the  adventitia. 

Make  sketches  from  1,  4,  and  5  under  a  low  power,  from  2  and  3  under  a 
high  power. 


An  artery  is  usually  described  as  being  composed  of  three  coats,  an 
inner  or  elastic,  a  middle  or  muscular,  and  an  external  or  areolar  (fig. 
229,  h,  c,  d).  It  is,  however,  more  correct  to  describe  the  wall  of  an 
artery  as  being  mainly  composed  of  muscular  and  elastic  tissue,  lined 
internally  by  a  pavement  epithelium  {endothelium^  and  strengthened 
externally  by  a  layer  of  connective  tissue  {adventitia). 

The  inner  coat  {tunica  intirria)  is  lined  by  a  thin  layer  of  pavement 
epithelium  {endothelium) ^  the  cells  of  which  are  somewhat  elongated 
in  the  direction  of  the  axis  of  the  vessel  (fig.  230),  and  form  a 
smooth  lining  to  the  tube.     After  death  they  become  easily  detached. 
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The  endothelium  ia  the  eesential  layer  in  all  blood-vessels.  It  is  always 
the  first  part  to  be  developed,  and  in  some  it  remains  as  the  only  layer  of 
the  vessel.    This  is  the  case  with  all  true  capillaries  and  with  certain  veins. 
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and  also  with  the  lacuuar  spaces  or  limuoidi,  which,  as  Minot  has  pointed 
ont,  take  the  place  of  capillaries  in  certain  parts  (e.ff.  in  the  liver,  the 
medulla  of  the  suprarenal  capsules  and  the  Wolffian  body  of  the  embryo) ; 
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it  is  also  true  of  the  sinuses  of  erectile  tissue,  as  well  as  the  sinus-like 
blood-vessels  which  are  met  with  in  invertebrates.  In  some  structures  the 
endothelial  layer  of  the  blood-vessels  is  imperfect,  viz. :  in  the  capillaries  and 


IS6  THE   ESSENTIALS  OF  HISTOLOGV. 

blood- simiaeB  of  tbe  spleen,  the  placental  mutous  ineaj brace  of  the  pregiuint 
uterus,  and  probably  die  abuaoids  (capillaries)  of  Ibe  liver ;  in  these  places 
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tbe  blood  finds  ita  wa^  into  the  iDtpraticee  ni  tlie  utgan  ajii 
contact  with  the  tissue  cells 

Nest  to  the  endothelium  comes  an  ekatic  layer  in  the  form  either  of 
elastK  nelftorls  (fig  232)  or  ot  &  fenestiated  membtane  (fig  231)  In 
some  arteries  there  is  a  layer  of  fine  connective  tissue  intervening 
between  the  epithelium  and  the  fenestrated  membrane  (subepiikdtal 
layer) 

The  middle  coat  (lunica  viedia)  conBiata  mainly  of  circularly  disposed  i 
plain  muscular  fibres    but  it  is  also  pervaded  in  most  artenes  by  a 
network  of  elastic  fibres  which   are  connected  with  the  fenestrated  | 
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membrane  of  the  inner  eoat  and  are  sometimes  almost  as  much 
developed  as  -the  muscular  tissue  itself  This  is  especially  the  case 
with  the  larger  arteries,  such  as  the  aorta  and  the  carotid  and  its 
immediate  branches,  but  in  the  smaller  arteries  of  the  limbs  the 
middle  eoat  is  composed  almost  purely  of  muscular  tissue.  The 
muscular  fibres  are  comparatively  short,  with  long  rod-shaped  nuclei, 
and  are  often  irregular  in  shape  (as  in  fig.  233),  especially  if  the  | 
middle  coat  contains  much  elastic  tissue. 

The  outer  coat  is  formed  of  connective  tissue  with  a   good  many  ] 
elastic  fibres,  especially  next  to  the  middle  coat.     The  strength  of 
artery  depends  largely  upon  this  coat ;  it  is  far  less  easily  cut  or  torn    ' 
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than  the  other  coats,  and  it  Berves  to  reeist  undue  expansion  of  the 
veBsel.  Its  outer  limit  is  not  sharply  marked,  for  it  tends  to  blend 
with  the  surrouuding  connective  tissue ;  hence  it  has  been  termed 
tunica  advenlitia. 
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YaiiatiotU  in  Btractore— The  aorta  (figs.  23&,  236)  differs  in  some  reepecbB 
in  structure  from  an  ordinary  artery.  Ita  inner  coat  containa  a  considerable 
thickness  of  subepithelial  connective  tissue,  bitt  the  elastic  layers  of  this 
coat  are  chiefly  composed  of  fine  fibres,  and  are  not  especially  marked  off 
from  those  of  the  middle  coat,  so  that  the  innei'  and  middle  coats  appear 
blended  with  one  another.  On  the  other  hand,  there  ia  a  very  great  develop- 
ment of  elastic  tissue  in  the  middle  coat,  forming  membranous  layers  which 
alternate  with  lasers  of  the  muscular  tissue.  A  good  deal  of  connective 
tissue  also  takes  part  in  the  formation  of  the  middle  coat,  making  this  coat 
unusually  strong.  The  inner  and  middle  coats  constitute  almost  the  entire 
thickness  of  the  wall,  the  outer  coat  being  relatively  thin. 

The  other  variations  which  occur  in  the  arterial  system  have  reference 
chiefly  to  the  development  and  arrangement  of  the  muscular  tisane.  Thus  in 
many  of  the  larger  arteries  there  are  a  few  longitudinal  muscular  fibres  at 
the  inner  boundary  of  the  middle  coat,  and  in  some  arteries  amongst  tlie 
circular  fibres  of  the  middle  coat.  This  is  the  case  in  the  aorta.  In  the 
part  of  the  umbilical  arteries  within  the  umbilical  cord  there  is  a  complete 
layer  of  longitudinal  fibres  internal  to  the  circular  fibres  and  another 
external  to  them,  whilst  the  amount  of  elastic  tissue  is  very  small.  Longi- 
tudinal fibres  are  also  present  in  some  other  arteries  (iliac,  superior 
mesenteric,  splenic,  renal,  etc.),  external  to  the  circular  fibres,  and  therefore 
in  the  outer  coat  of  the  artery. 
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Tho  veins  (fig.  237)  on  the  whole  resemble  the  arteries  in  structure, 
but  they  present  certain  differences.  In  the  internal  coat  the  same 
layers  may  be  present,  but  the  elastic  tissue  ia  less  developed,  and 
may  be  quite  inconspicuous ;  it  seldom  takes  the  form  of  a  complete 
membrane.  The  epithelium  cells  are  less  elongated  than  those  of  the 
arteries.  The  middle  coal  (c)  contains  loss  elastic  tissue  and  also  much 
less  muscular  tissue,   being    partly  occupied    by   bundles    of  white 
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connective-tissue  fibres.  These  are  continuous  with  those  of  the 
external  coat,  which  is  relatively  better  developed  in  the  veins  than 
in  the  arterieB,  so  that,  although  thinner,  their  walls  are  often 
stronger. 

Many  of  the  veins  are  provided  with  valves,  which  are  crescentic 
folds  of  the  internal  coat  strengthened  by  a.  little  fibrous  tissue : 
a  few  muscular  fibres  may  be 
found  in  the  valve  near  its  attach- 
ment. The  layer  of  the  inner 
coat  is  rather  thicker  and  the 
epithelium-cells  are  more  elon- 
gated on  the  side  which  is  subject 
to  friction  from  the  current  of 
blood  than  on  that  which  is  turned 
towards  the  wall  of  the  vessel. 

Vatiationa  in  different  veins. — 
The  veins  vary  in  structure  more 
than  do  the  arteries.  In  many 
veins  longitudinal  muacular  fibres 
are  found  in  the  inner  part  of  the 
miclille  coat,  aa  in  the  iliac,  femoral, 
umbilical ;  the  umbilical  vein  within 
the  umbilical  cord  having  three 
muscular  layers  like  the  correspond- 
ing arteries  ;  it  bas.a  well -developed 
internal  elastic  layer.  In  otner 
veins,  longitudinal  fibres  occur  ex- 
ternal to  the  circularly  disposed 
fibres,  and  may  be  described  as 
belonging  to  the  outer  coat.  This 
is  the  case  with  the  abdominal  and 
especially  tlie  hepatic  portions  of 
the  inferior  vena  cava  (fig.  23B),  and 
to  a  less  extent  with  the  hepatic  veins 
and  the  portal  vein  and  its  tribu- 
taries.    In  the  superior  vena  cava,  in 

"%rthiSIkd™mi*~wrihfonSt"'i'iI^"^"'^u-      ****  "PP*"^  P*^  "'  ^^^  interior  vena 
lu  bundles  1  d,  ft  lu  Tuii.  cava  and  in  the  jugular,  subclavian 

and  innominate  veins  muscular  fibres 
are  almost  entirely  absent  in  the  middle  coat,  and  there  are  but  few  in  the 
adventitia.  The  veins  of  the  pia  mater,  brain  and  spinal  cord,  retina, 
and  bones,  and  the  venous  sinuses  of  the  dura  mater  and  placenta  have  no 
muscular  tissue. 

It  is  only  the  larger  veins,  especially  those  of  the  limbs,  that  possess 
valves.  They  are  wanting  in  most  of  the  veins  of  the  viscera  (although 
occurriuK  abundantly  in  some  of  the  tributaries  of  the  portal  vein),  in  those 
within  the  cranium  and  vertebral  canal,  in  the  veins  of  the  bones,  and  in 
the  umbilical  vein. 
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LESSON    XXI. 


SMALLER  BLOOD-VESSELS  AND  LVMPff- VESSELS.  SEROUS 
MEMBRANES.  MICROSCOPIC  STUDY  OF  THE  CIRCULA- 
TION.    DEVELOPMENT  OF  BLOOD-VESSELS. 

1.  Take  a  piece  of  pia  mater  which  has  been  fixed  with  2  per  cent,  bichromate 
of  potasaium  and  stained  with  hsniatoiyliii,  and  separate  from  it  some  of  the 
email  blood-vessela  of  wLich  it  ia  chiefly  composed.  Mount  the  shreda  in 
dilute  glyceriue,  or  after  dehydrating  with  alcohol  and  passing  through  clov» 
oil  they  can  be  mounted  in  dammar  or  xylol  balsam.  The  structure  of  the 
small  arteries  can  be  studied  in  this  preparaCinn,  the  nuclei  of  the  epitheliuok 
and  of  the  muscular  coat  being  brought  distinctly  hito  view  by  the  stain. 
The  veiDB  of  the  pia  mater  poasesa  no  muscular  tieaue.  Capillary  veaaela 
which  have  been  dragged  out  from  the  brain  in  removing  the  pia  mater 
may  also  be  aueii  in  this  preparation.  Sketch  two  small  arteries  of  different 
aizea,  giving  also  their  meaaiirements. 

3.  Mount  ill  dammar  or  xylol  balsam  a  piece  of  the  omentum  of  the 
rabbit,  stained  with  silver  nitrate.  Tlie  membrane  should  be  stretched  over 
a  cork  or  a  ring  of  wood  or  vulcanite,  rinsed  with  distilled  water,  treated 
for  five  minutes  with  1  per  cent,  nitrate  of  silver  solution,  again  washed 
aud  eiposed  to  sunlight  in  spirit.  When  stained  brown,  the  preparation  is 
removed  from  the  light  and  placed  in  oil  of  cloves.  Pieces  may  now  be  cut 
off  from  the  membrane  and  mounted  in  balsam  or  dammar  ;  they  should 
include  one  or  more  blood-vessels. 

This  preparation  ia  intended  to  show  the  epithelium  of  the  amaller  blood- 
vesaels  and  accompanying  lymphatics,  and  also  the  epithelium  of  the  serous 
membrane.     Sketch  a  small  piece  showing  the  epithelium  of  the  vessels. 

3.  Mount  in  balsam  or  dammar  a  piece  of  the  central  tendon  of  the  rafabit^a 
diaphragm  which  has  been  prepared  with  silver  nitrate,  the  pleural  surface 
having  been  first  brushed  to  remove  the  superficial  epithelium  and  thus 
enable  the  nitrate  of  silver  more  readily  to  penetrate  to  the  uetwork  of 
underlying  lymphatic  vessela.  Observe  the  -  lymphatic  plexus  under  a  low 
power ;  sketch  a  portion  of  the  network.  If  the  peritoneal  surface  is 
focussed,  the  epithelium  which  covers  that  surface  will  be  seen,  and  oppo- 
site the  clefta  between  the  radially  disposed  tendon- bundles  atomata  may 
be  looked  for  in  this  epithelium. 

4.  Examine  sections  of  the  thoracic  duct.  These  may  be  made  in  the 
same  way  aa  sections  of  the  blood- vessel  a. 

5.  Open  the  abdomen  of  a  freshly  killed  frog,  preferably  a  male,  and 
remove  the  abdominal  viscera,  taking  care  not  to  injure  the  membrane  or 
septum  at  the  back  of  the  abdomen,  which  lies  over  and  between  the  kidneys 
aud  separates  the  peritoneal  cavity  from  the  cistema  lynvphatica  magna,  a 
large  lymph-space  in  which  the  aorta  and  vena  cava  are  contained.  Cut 
out  the  kidneys  along  with  aa  much  as  possible  of  the  above  septum  ;  riuae 
with  distilled  water  ;  anil  place  in  a  watch-glass  of  1  ner  cent,  silver 
nitrate  for  5  minutes.  Binse  again  in  distilled  water  and  expose  in  tap 
water  to  the  light.     When  slightly  browned  snip  off  a  portion  of  the  n: 


branoua  septum. 


t  it  flat  on  a  slide,  drain  off  the  superfluous  vrat«r  and 
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allow  it  to  dry  ;  then  add  a  drop  of  sylol  balsam  o 
preparation. 

6.  Kill  a  frog  by  destroying  the  brain,  and  stody  the  circulation  of  the 
blood  in  the  mesentery.  It  can  also  be  studied  in  the  web  of  the  frog'a  foot, 
and  in  the  lung  and  tongue  of  the  frog  or  toad,  or  in  the  tail  of  the  tadpole 
or  of  any  small  fish.  But  for  observing  the  phenomena  attending  coni- 
inencing  inflammation  and  the  emigration  of  leucocytes  from  the  vessels, 
the  mesentery  is  the  most  convenient  object.  The  frog  can  be  immobilised 
with  curari  or  by  placing  it  in  water  in  which  chloroform  or  ether  has  been 
shaken  up :  a  fateral  incision  is  made  in  the  abdominal  wall,  a  loop  of 
intestine  drawn  out,  and  laid  over  a  ring  of  cork  which  is  flied  to  a  glass 
plate  and  covered  with  a  thin  piece  of  glass.  The  membrane  must  be  iep' 
wet  with  salt  solution.' 


The  coats  of  the  small  artsrieB  and  veins  are   much  simpler  in 
structure  than  those  of  the  larger  vessels,  but  they  contain  at  first  all 
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the  same  elements.  Thus  there  is  a.  lining  endothelium  and  an  elastic 
layer,  the  two  together  forming  an  inner  a-at ;  a  middle  coat  of  circularly 
disposed  plain  muscular  tissue ;  and  a  thin  advenlUia.  The  same 
differences  are  found  between  the  smaller  arteries  and  veins  as  with 
the  larger,  the  walls  of  the  veins  being  thinner  and  containing  far  less 
muscular  tissue   (fig.    239),   and    the    lining    epithelium-cells,   much 
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I   elongaled  in  both  vesaalH,  are  far  longer  and  narrower  in  the  aniall 
arteries  than  in  the  corresponding  veins  (fig.  241). 

In  the  smallest  vessels  it  will  be  found  that  the  elastic  layer  has 
entirely  disappeared  in  the  veins,  and  the  muscular  tissue  is  consider- 
ably reduced  in  thickness  in  both  lands  of  vessel.  Indeed,  it  is  soon 
represented  by  but  a  single  layer  of  contractile  cells,  and  even  these 
no  longer  form  a  complete  layer.  By  this  time  also,  the  outer  coat 
as  well  as  the  elastic  layer  of  the  inner  coat  have  disappeared  both 
from  arteries  and  veins.  The  vessels  are  reduced,  therefore,  to  the 
condition  of  a  tube  formed  of  pavement-epithelium  cells,  with  a  partial 
covering  of  circularly  disposed  muscular  cells. 
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Fla.   240.— TBAKHVEBSU  MBCTJOS  of  a   BMALL  iBTRfiV   4h-I>  VKIB. 
Magnified  350  diameterB. 

Even  in  the  smallest  veaaela,  which  are  not  capillaries,  the  differences 
between  arteries  and  veins  are  still  manifested.     These  differences  may 
be  enumerated  as  follows : — The  veins  are  larger  than  the  correspond- 
ing arteries  ;  they  branch  at  less  acute  angles  ;  their  muscular  cells  are   i 
fewer,  and  their  epithelium- cells  leas  elongated;   the  elastic  layer  of  J 
the  inner  coat  is  always  less  marked,  and  sooner  disappears  as  the  J 
vessels  become  smaller. 

Capillary  veaaels. — When  traced  to  their  smallest  branches  the 
arteries  and  veins  eventually  are  seen  to  be  continued  into  a  network 
of  the  smallest  blood-vessels  or  capillaries.  The  walls  of  these  are 
composed  only  of  flattened  epithelium-cells  {fig.  342)  continuous  with 
those  that  line  the  arteiies  and  veins ;  these  cells  can  bo  exhibited  by 
staining  a  tissue  with  nitrate  of  silver.  The  cell-outlines  are  not 
shown  in  developing  capillaries;  in  these,  silver  nitrate  stains  the  whole 
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wall.  This  is  the  case  also  with  the  capillaries  of  the  villi,  those  of 
the  choroid  coat  of  the  eye  (Eberth),  and  those  of  the  kidney-glomernli 
(Ranvier)  ;  in  all  these  places  the  walls  are  formed  of  a  syncytium. 


^^, 


The  capillaries  vary  somewhat  in  size  and  in  the  closeneBS  of  their 
meshes;  their  arrangement  in  different  parts,  which  is  mainly  deter- 
mined by  the  disposition  of  the  tissue-elements,  may  best  be  studied 
in  injected  preparations,  and  will  be  described  when  the  structure 
of  the  several  organs  is  considered. 

In  the  transparent  parts  of  animals,  the  blood  may  be  seen  flowing 
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I  through  the  capillary  network  from  the  arteriea  into  the  ^ 
current  is  very  rapid  in  the  small  arteries,  somewhat  less  rapid  in  the 
veins,  and  slow  in  the  capillaries.  The  current  is  fastest  in  the  ceotre 
of  the  vessels,  slowest  near  the  wall  (inert  layer).  In  this  layer  the 
I  leucocytes  are  carried  along  by  the  stream  and  may  be  observed — 
■■especially  where  there  is  commencing  inflammation  of  the  part,  as  in 


I 


I 


the  mesentery  in  consequence  of  exposure — to  adhere  to  the  inner 
Burface  of  the  blood- vesselB,  and  here  and  there  to  pass  through  the 
coats  of  the  small  vessels,  and  appear  as  migratory  celts  in  the  surround- 
ing connective  tissue  (fig.  243).  The  blood-platelets  are  also  to  be 
»eeo  in  the  inert  layer,  and  show  a  tendency  to  adhere  to  the 
Tall  and  to  one  another  in  commencing  in H animation. 
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Vessels  and  nerves  of  the  blood-vessels. — ^The  larger  arteries  and  veins 
possess  blood-vessels  {vasa  vasorum)  and  lymphatics,  both  of  which  ramify 
chiefly  in  the  external  coat.  Nerves  are  distributed  to  the  muscular  tissue 
of  the  middle  coat,  after  forming  a  plexus  in  the  outer  coat.  Most  of  the 
nerves  are  non-medullated.  But  there  are  a  certain  number  of  medullated 
fibres  intermingled  with  the  non-medullated  and  passing  to  end  in 
localised  arborescences  (fig.  244)  partly  in  the  adveutitia,  partly  in  the 
intima.  These  medullated  fibres  are  doubtless  afferent ;  the  majority  of 
the  non-medullated  are  probably  efferent  (vaso -motors).  In  the  aorta  of 
man  and  in  some  of  the  larger  trunks  Pacinian  corpuscles  are  here  and 
there  met  with.  The  capillary  vessels  also  receive  nerve-fibres,  which  form 
a  fine  plexus  of  fibrils  in  close  contact  with  the  endothelium -cells  of  which 
the  walls  of  these  vessels  are  composed.  Small  cells  are  found  at  intervals 
in  connection  with  these  plexuses,  but  whether  they  are  of  the  nature  of 
nerve-cells  or  not  is  uncertain. 

Development  of  the  blood-vessels.— rThe  blood-vessels  are  developed 
in  the  connective  tissue  or  in  the  mesenchyme  which  precedes  it,  the 
first  vessels  being  formed  in  the  vascular  area  which  surrounds  the 
early  embryo.     Their  development  may  be  studied  in  the  embryo 


Fig.  245.— Isolated  oapillaby  network  formed  by  the  junction  of 
a  hollowed-odt  syncytium,  containing  coloured  blood-oorpusolbs 
in  a  clear  fluid. 

e,  a  hollow  cell  the  cavity  of  which  does  not  yet  communicate  with  the  network; 
p,  p,  pointed  cell  processes,  extending  in  different  directions  for  union  with  neigh- 
bouring capillaries. 

chick  or  mammal,  in  the  omentum  of  the  new-born  rabbit,  or  in 
the  serous  membranes  and  subcutaneous  connective  tissue  of  foetal 
animals.  They  are  originally  developed  from  cells  (vaso-formative  cells 
or  angiohlasts)  which  become  hollowed  out  by  vacuolation :  coloured 
blood-corpuscles  may  be  formed  within  them  (see  Development  of 
Blood-corpuscles,  Lesson  II.).  The  cells  branch  and  unite  with  one 
another  to  form  a  syncytium,  and  their  cavities  extend  into  the 
branches.  In  the  meantime  their  nuclei  multiply  and  become  dis- 
tributed along  the  branches,  cell-areas  being  at  a  later  stage 
marked  out  around  the  nuclei.  In  this  way  intercommunicat- 
ing  vessels — capillaries   containing   blood — are  produced   (fig.    245). 
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These  presently  become  connected  with  previously  formed  vessels, 
which  extend  themselves  by  sending  out  sprouts,  at  first  solid,  and  | 
at'terwa,rda  hollowed  out.^  Even  the  larger  blood-vesaels  appear  firrt 
to  be  developed  in  the  same  way  as  the  capillaries,  in  so  far  that  the 
epithelium  is  first  formed  and  the  muscular  and  other  tissues  are 
subsequently  added ;  but  whether  they  are  formed  as  clefts  in  the  ' 
meaoblaatic  tissue,  which  become  bounded  by  flattened  cells,  or 
whether  as  a  hollowed-out  syncytium  has  not  been  definitely  ascer- 
tained. 


.V  .^K 


Sinusoids. — These  are  sinus-like  blood-spaces  between  the  cells  of  a 
tisHue,  which  may  when  fully  developed  bear  a  auperfieial  resemblance 
to  blood-capillaries,  but  which  differ  essentially  from  them  both  in  their 
mode  of  development  and  in  their  relationship  to  the  connective  tissue, 
as  well  as  to  the  tissue-elements  of  the  organs  in  which  they  occur. 
Whereas  capillary  blood-vessels  are  developed  amongst  and  between 
the  tissue-elements  and  are  connected  with  and  grow  from  neighbouring 
capillaries  which  are  themselves  surrounded  by  areolar  tissue,  sinusoids 
make  their  first  appearance  in  the  form  of  comparatively  large  blood- 
spaces  connected  with  the  venous  (or  arterial)  system.  Into  these, 
the  walls  of  which  are  formed  only  of  a  single  layer  of  endothelial 
cells,  the  tissue- elements  of  the  developing  organ  (WolfB.an  body, 
liver,  auprarenals,  blood-glands,  etc.)  grow,  invaginating  the  thin  wall 
and  forming  cell-trabeeulie  within  the  sinus  (figs.  246,  247),  so  that 

'  Many  ButhoritieB  coDsLdor  that  new  blood- vessels  are  excluHively  formed  by 
sprouts  from  pre-existing  vesaeU,  Bod  regard  the  appearances  above  described 
as  being  due  to  retrogreasive  development  oi  an  already  formed  vascular  oet- 
work  (see  footnote,  p.  37)- 
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the  cells  of  the  organ  are  directly  in  contact  with  the  invaginated 
endotbeliutn,  and  are  only  separated  by  this  from  the  blood  contained 
within  the  ainua  But  the  connection  may  become  yet  closer  than 
this,  for,  as  happens  in  the  liver,  the  invaginated  endothelium   may 


^<. 


c  cyllnd 


become  defective,  so  that  the  blood  within  the  sinus  comes  into 
actual  contact  with  the  cells  of  the  organ,  and  runs  into  the 
interstices  between  them.  As  development  proceeds  these  interstices 
may  come  to  resemble  blood-capillaries  in  general  arrangement  and 
shape;  but  the  resemblance  is  only  superficial,  and  the  intimate 
relationship  between  the  blood  and  the  tissue-elements,  which  are 
both  enclosed  within  the  original  sinus,  is  usually  maintained.  The 
distinctive  character  of  sinusoids  was  first  recognised  by  Minot. 

LYMPHATICS  OR  LYMPH-VEaSELS. 

To  the  lymphatic  system  belong  not  only  the  lymphatic  vessels  and 
lymphatic  glands,  but  also  the  cavities  of  the  serous  membranes,  which  are 
moistened  with  lymph  and  are  in^open  communication  with  lymphatic 
vessels  which  run  in  their  parietes. 

The  larger  lymph-Tessels  somewhat  resemble  the  veins  in  structure, 
except  that  their  coats  are  much  thinner  and  valves  much  more 
numerous.  In  lymphatics  of  smaller  size,  the  wall  of  the  vessel 
is  formed,  first,  by  a  lining  of  pavement-epithelium  cells  (lymphatic 
endothelium),  which  are  elongated  in  the  direction  of  the  axis  of  the 
vessel ;  and,  secondly,  by  a  layer  of  circularly  and  obliquely  disposed 
muscular  fibres.  In  the  smallest  vessels  {so-called  lympbr^apillaries, 
which  are  generally  considerably  larger  than  the  blood-capillaries). 


LYMPE-VESSELa 


Fig.   248.— a  s 

or  THK  niAPHHAQU.     Magnified  110  diametets.     (Eanvmr.) 
I,  lymphnticB  wftli  ■JkaxHCterlBtJt;  epllbeltmn  :  i.  oull-iLpjicBa  of  tlio  c 
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there  is  nothing  but  the  epithebum  remaining,  and  the  celle  of  thiB 
are  frequently  not  more  elongattd  in  one  direction  than  in  another, 
but  have  a  charaoteiiBtic  wn\     uili        t       .4^) 


Witt  wftty-bordared  ooll*. 


The    lymphatics    receive    numerous    nerve-fibres,    which    are 
medullated,  and  which  end  in  a  ramification  of  the  finest  fibrils,  w 
are  distributed  to  the  coats  of  the  vessel  (fig.  249). 
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LymphaticB  begin  either  in  the  form  of  plexuses,  as  in  aerous  mem- 
branes  (fig,  250),  or  of  lacunar  inlersHces,  as  in  Home  of  the  viBcera,  and 
ftil  tranaitioiis  occur  between  the  two. 

In   order  to  show  their   structure,   it   is    usual    to   stain  a   tiesne    | 
with  nitrate  of  silver.;   for  exhibiting  their  distribution  they  may  be   i 
injected  by  sticking  the  nozzle  of  an  injecting  cannula  into  any  tissue 
which  contains  them,  and  forcing  coloured  fluid  under  gentle  pressure 
into  the  interstices  of  the  tissue. 

In  silver  preparations  it  may  be  observed  that  the  lymphatics 
always  appear  in  the  form  of  clear  channels  in  the  stained  ground- 
substance  of  the  connective  tissue,  and  that  their  walls  are  in  close 
connection  with  the  cells  and  cell-spaces  of  that  tissue  (fig,  248),  But, 
except  in  the  case  of  the  serous  membranes,  no  open  communication  ia 
observahle  between  the  lymphatic  vessels  and  the  interstices  of  the 
connective  tissue,  although  from  the  readiness  with  which  they  can  be 
injected  from  the  latter  there  must  be  a  ready  means  of  passage  of  the 
interstitial  lymph  into  the  commencing  lymphatics.  The  lymphatic 
vessels  were  originally  described  by  I^eiii,  and  more  recently  by 
Ketterer,  as  being  developed  from  hollowed-out  cells  in  the  same 
manner  as  the  blood-vessels,  and  by  Grulland  as  becoming  formed  at 
the  periphery  as  clefts  in  the  connective  tissue,  which  later  form  a 
connection  with  the  venous  system.  But  the  investigations  of  Ranvier, 
recently  confirmed  by  Lewis  and  others,  tend  to  show  that  the 
lymphatic  trunks  grow  out  from  the  venous  system,  and  gradually 
penetrate  into  the  peripheral  parts  of  the  embryo. 

Serous  Membranes. 

The  serous  membranes,  which  may  be  conveniently  studied  in 
connection  with  the  lymphatic  system,  are  delicate  membranes  of 
connective  tissue  which  surround  and  line  the  internal  cavities  of  the 
body,  and  are  reflected  over  many  of  the  thoracic  and  abdominal  viscera; 
in  passing  to  which  they  form  folds  (such  as  the  mesentery),  within 
which  blood-vessels,  lymphatics,  and  nerves  are  conducted  to  the  viscera. 

The  inner  surface  is  lined  by  a  continuous  layer  of  ptivemmt- 
^kelinm  (endothelium)  (fig.  251),  which  is  very  distinct  in  nitrate 
of  silver  preparations.  In  some  places  there  are  apertures  in  the 
epithelium  which  lead  directly  into  subjacent  lymphatic  vessels. 
These  apertures  are  called  utonuifa,  and  are  sometimes  surrounded  by 
special  cells  (fig.  251,  B).  They  are  numerous  upon  the  peritoneal 
surface  of  the  liiuphragm,  but  are  present  in  most  serous  membranes. 
They  are  nowhere  better  studied  or  more  easily  seen  than  in  the 
peritoneal    membrane   at    the   back  of   the   abdominal   cavity    in    the 
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frc^.  This  membrane  lies  between  and  at  the  aides  of  the  kidneys, 
and  aerres  to  separate  the  peritoneal  cavity  from  the  large  lymph- 
space  juBt  behind  it  If  the  membrane  is  prepared  by  the  nitrate  of 
silver  method  the  etomata  and  the  cells  which  surround  them  on  either 
side  of  the  membrane  are  well  shown 

The   pavement-epithelium   of  the   serous    membrane   rests   upon  a 
homogeneous   basement-membrane    which   is  especially  well   marked 
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in  the  serous  membranes  of  man.  The  rest  of  the  thickness  of  the 
membrane  is  composed  of  connective  tissue,  with  a  network  of  fine 
olastic  fibres  near  the  inner  surface. 

The  cavities  of  the  serous  membranes  are  originally  formed  in  the 
embryo  as  a  cleft  in  the  mesoderm  (pi euro-peritoneal  split,  ccelom) 
which  becomes  lined  with  epithelium,  outside  which  the  ccelomic  wall 
eventually  becomes  differentiated  into  the  serous  membrane. 


LYMPH-GLANDS. 
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1.  Sbctiovs  of  a  l/mph-gland  which  h^is  been  hardened  either  in  fonnol 
or  potassium  bichromate,  or  in  chromic  acid  or  picric  acid  followed  by 
alcohol,  stained  in  bulk,  and  embedded  in  paraffiu.  Or  the  aeetious  maj  be 
Btaiued  with  bEematoxylin  a.ud  eoain.  Notiue  (1)  the  fibmua  and  muscular 
capsule,  with  trabeculee  extruding  inwards  from  it  through  the  cortex  and 
tuiaatouioaiu^  with  one  another  in  the  medulla,  (3)  thu  deoae  lymphoid 
tissue  (adenoid  tissue  of  some  authors)  forming  larj^e  masses  in  the  cortex 
(cortical  nodules)  and  rounded  cords  in  Che  medulla  (medullary  cords). 
Notice  also  the  clearer  channel  or  lymph-ainus  which  everywhere  intervenes 
,ween  the  fibrous  tissue  and  the  lymphoid  tissue.  Observe  the  fine  fibres 
and  branched  cells  which  bridge  across  this  chaimel. 

Make  a  general  sketch  under  a  low  power  of  a  portiou  of  the  cortei 
together  with  the  adjoiuing  part  of  the  medulla,  and  under  a  high  power 
drawings  of  small  ponions  of  cortex  and  medulla. 

The  retiform  tisane  of  the  lymph-glawds  has  already  been  studied  (p.  75). 

2.  Sections  of  a  hiemal  lymph-gland.  Theae  may  be  readily  found  in  the 
neck  of  the  ox,  in  the  neighbourhood  of  the  large  blood -vessels.  Stain  with 
eosin  and  hiematoxylin  or  with  eosiu  and  methylene  blue.  Notice  that  the 
channels  around  the  lymphoid  nodules  (or  some  of  them)  contain  blood 
instead  of  lymph. 

3.  In  sections  of  tonsil  prepared  similarly  to  those  of  the  lymphatic 
gland,  notice  the  large  amount  of  lymphoid  tissue,  partly  collectea  into 
nodules.  Observe  also  that  the  stratined  epithelium,  which  covers  the 
mucous  membrane  here  as  elsewhere  in  the  mouth,  ia  infiltrated  with  lymph- 
corpuscles.  Tlie  tonsil  is  beset  with  pit-like  recesses,  with  mucus-secreting 
glands  opening  into  the  pita. 

4.  Lymphoid  nodules  of  mucous  membranes.  In  other  mucous  membranes 
besides  that  of  the  back  of  the  mouth  and  pharynx,  collections  of  lymphoid 
tisBue  occur  which  resemble  those  of  the  tonsils  ;  such  nodules  form  the 
Eolitary  glands  of  the  stomach  and  intestines  and  the  agminated  glands  of 
the  small  intestine,  and  are  also  found  in  the  trachea  and  bronchial  tubes  and 
ID  the  oesophagus.     They  may  be  studied  later  in  sections  of  those  parts. 

5.  Sections  of  the  thymus  gland  of  an  infant  or  young  animal.  Notice 
that  the  masses  of  lymphoid  (?)  tissue  which  form  the  lobules  of  the  gland  are 
separated  by  septa  of  connective  tissue,  and  that  the  lobules  show  a  distinc- 
tion into  two  parts,  cortical  aud  medullary.  There  are  no  lymph-paths. 
Obeerve  the  differences  of  structure  of  the  cortex  and  medulla,  and  especially 
notice  the  concentric  corpuscles  iu  the  medullary  part. 

Make  a  sketch  of  one  of  the  lobules  under  a  low  power  and  of  a  small 
part  of  the  medulla  under  a  high  power,  including  one  or  I 
corpuscles.     Measure  the  latter. 


Lymph-Glands. 


Structure  of  a  lymph-gland. —A  lympb-glatid  (lymphatic  gland)  is 
composed  of  a  ffiimework  of  fibrous  and  plain  muscular  tissue,  which 
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frog.  This  membrane  liea  between  and  at  the  sides  of  the  kidneye, 
and  serves  to  separate  the  peritoneal  cavity  from  the  large  lymph- 
ipaco  juat  behind  it  If  the  membrane  is  prepared  by  the  nitrate  of 
silver  method  the  atomata  and  the  cells  which  surround  them  on  either 
side  of  the  membrane  are  well  shown 

The  pavement-epithelium  of  the  serous  membrane  rests  upon  a 
homogeneous  basement  membrane,   which  la  eapecially  well  marked 


Fio.  sa. 
man:  stobata    uuniNia    in-ki  rsK 

IT.  Ktairr.  ikfl*!'  $fli««i£ipFr  StMri  and  DogirL' 


in  th*  s<TCft«s  m^mbrwi*?  of  man.  Th*  ren  of  the  ihkkness  of  the 
mMnhntn^  i$  MimjioM<d  of  connectiTe  tissa«.  with  a  neTwotk  of  fin* 
«)a$ti^  fihi**  n**r  ihe  inn*r  surfice- 

Tho  c*viii*[S  irf  lie  serwis  mfmbrmes  »r*  orssrinallT  ^-rated  m  tlw 
<4nhm>  as  «  cWV  in  lie  mesx»<ierm  ■pleiiiv>-i*riwm«Ll  imKi.  onloni) 
vhieli  tvxvwMi^  tinea!  wiit  eiuiht-hum.  i>iit^de  v^ic^  i^  oaOomk  waD 
«T«nttt*Ur  WicvBMB  differe^iiuAi  into  tbe  shvok  iMailnaA. 


LYMPH-GLANDS. 
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LTMPn-GLANDS.     TONSILS.     THYMUS. 

1.  SECTiOHa  of  a.  lymph-gland  which  htia  been  hardened  either  in  fonnol 
or  potassium  bichromate,  or  in  chromic  acid  or  picric  acid  followed  by 
alcohol,  Btained  iit  bulk,  a,nd  embedded  in  paraffin.  Or  the  aectiona  may  be 
stained  with  hiematoxylin  and  eosin.  Notice  (I)  the  librnua  and  muscular 
capsule,  with  trabecule  extending  inwards  from  it  through  the  cortex  and 
anastomosing  with  one  another  in  the  medulla,  (S)  tha  dense  lymphoid 
tissue  (adenoid  tissue  of  sooie  authors)  forming  large  masses  in  the  cortex 
(cortical  nodules)  and  rounded  cords  iu  the  medulla  (medullary  cords). 
Notice  also  the  clearer  channel  or  lymph-sinus  which  everywhere  iutervenes 
between  the  fibrous  tissue  and  the  ljm.phoid  tissue.  Observe  the  fine  fibres 
and  branched  cells  which  bridge  across  this  channel. 

Make  a  general  sketch  under  a  low  power  of  a  portion  of  the  cortei 
together  with  the  adjoiiiiug  part  of  the  medulla,  and  under  a  high  power 
drawings  of  small  portions  of  cortex  and  medulla. 

The  retitorm  tissue  of  the  lymph-glauda  has  already  been  studied  (p.  75). 

2.  Sections  of  a  hiemal  lymph-gland.  These  may  be  readily  found  in  the 
neck  of  the  uz,  in  the  neighbourhood  of  the  large  blood-vessels.  Stain  with 
«oaiu  and  htematosylin  or  with  eoain  and  methylene  blue.  Notice  that  the 
channels  around  the  lymphoid  nodules  ^o^  some  of  them)  contain  blood 
instead  of  lymph. 

3.  In  sections  of  tonsil  prepared  similarly  to  those  of  the  lymphatic 
gland,  notice  the  large  amount  of  lymphoid  tissue,  partly  collected  into 
nodules.  Observe  also  that  the  stratified  epithelium,  which  covers  the 
mucous  membrane  here  as  elsewhere  in  the  mouth,  is  infiltrated  with  lymph- 
corpuscles.  The  tonsil  is  beset  with  pit-like  recesses,  with  mucus-secreting 
glands  opening  uito  the  pita. 

4.  Lymphoid  nodules  of  mucous  membranes.  In  other  mucous  membranes 
besides  tliat  of  the  back  of  the  mouth  and  pharynx,  collections  of  lymphoid 
tissue  occur  which  resemble  those  of  the  tonsils  ;  such  nodules  form  the 
aolitaiy  glands  of  the  stomach  and  intestines  and  the  agminated  glands  of 
the  snuJl  intestine,  and  are  also  fouud  in  the  trachea  and  bronchial  tubes  and 
in  the  cesophagus.     They  may  be  studied  later  in  sections  of  those  parts. 

6.  Seotiona  of  the  thymus  gland  of  an  infant  or  young  animal  Notice 
that  the  niftsses  of  lymphoid  (!)  tissue  which  form  the  lobules  of  the  gland  are 
separated  by  sepia  of  connective  tissue,  and  that  tiie  lobules  show  a  distinc- 
tion into  two  parts,  cortical  and  medullary.  There  are  no  lymph-paths. 
Obeerve  the  difierences  of  structure  of  the  cortex  and  medulla,  and  especially 
notice  the  eoneentric  corpuscles  in  the  medullary  part. 

Make  a  sketch  of  one  of  the  lobules  under  a  low  power  and  of  a  small 
part  of  the  medulla  under  a  high  power,  including  one  or  two  concentric 
corpuscles.     Measure  the  latter. 


LyMPH-G  LANDS. 

Stmcture  of  a  lymph-gland. — A  lymph-gland  (lymphatic  gland)  i 
composed  of  a  fmmework  of  fibrous  and  piain  muscular  tissue,  which 
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incloses  and  supports  the  proper  glandular  substance,  but  is  everywhere 
separated  from  it  by  a  narrow  channel,  bridged  across  by  cells  and  fibres, 
which  is  known  aa  the  lymph-c/mnnel.  The  framework  consists  of  an 
envelope  or  capsule  {fig.  252;  c),  and  of  Iraiiecuke  (tr),  which  pass  at 
intervals  inwards  from  the  capsule,  and  after  traversing  the  cortex  of 
the  gland,  divide  and  reunite  with  one  another  to  form  a  network  of 
fibrous  bands.  At  one  part  of  the  gland  thei'e  is  usually  a  depression 
(hitus),  and  at  the  bottom  of  this  the  medulla  comes  to  the  aurfaoe>  _ 
and  its  fibrous  bands  are  directly  continuous  with  the  capsule. 


The  proper  glandvlar  fmbsianee  {i.h.}  is  composed  of  lymphoid  tissue, 
i.e.  a  fine  reticulum  with  the  meahea  thickly  occupied  by  lymph- 
corpuscles.  It  occupies  ail  the  interstices  of  the  gland,  forming  com- 
paratively large  rounded  masses  in  the  cortex  (lymphoid  nodules,  C), 
which  may  be  two  or  three  deep,  and  smaller  reticulating  cord-like 
masses  (lymphoid  cords,  M)  in  the  medulla. 

The  cells  which  bridge  across  the  lymph-channel  in  the  medulla 
(fig.  254,  c)  are  branching  nucleated  cells  which  often  contain  pigment, 
ao  that  this  part  of  the  gland  has  a  dark  colour.  Some  may  contain 
disintegrating  erythrocytes.  The  lymph-channel  is  bridged  across  not 
only  by  these  branched  cells,  but  also  by  fibres   derived    from   the 
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capanle  and  trabeculie,  which  paaa  to  the  lymphoid  tissue  and  become 
lost  in  its  reticulum.  But  the  fibres  are  dften  completely  concealed  by 
the  cells. 

Afferent  lymph-veaaels  (fig.  253,  a.l.)  enter  the  lymph-cihanneli 
ramifying  in  the  capsule,  and  the  lymph  is  conveyed  slowly  along' 
the  channels  of  the  cortical  and  medullary  part  towards  the  hilus, 
taking   up    many  lymph-corpuacli 

up  by 
the  lymph-ainuaes  of  the  medulla. 


on^^H 
lIus,  1 


The  effereut  lymphatics  always  contain  many  more  lymph-corpuscles 
than  those  which  enter  the  gland,  for  lympb -corpuscles  are  constantly 
being   formed   by    mitotic   division    of  the   pre-existing  cells   : 
glandular  substance,  especially  in  the  clearer  centre  of  each  cortical  I 
nodule   (germ-centre   of    Fiemming};    they   gradually    find   their   way! 
into  the  lymph -channel. 

The  leucocvtea  of  tbe  germ-centres  frequently  show  in  seotioaa  pecnlial 
darfcly-coloured  boditiS — -the  slaittoble-bodiei  of  Fiemming — the  origin  i 
ivhicn  has  not  been  determinefl. 
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An  artery  passes  iiito  each  s;laTid  at  the  hilua  its  branches  are 
conveyed  at  first  along  the  fibrous  cords  but  soon  become  surrounded 
by  the  lymphoid  crrds  k  here  they  break  up  into  capillaries  (fig  264(f) 
The  blood  is  returned  by  small  veins  which  are  conducted  along  the 
fibrous  trabeculaa  to  the  hilus 
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In  some  lymph-glands  the  fibrous  trabecule  are  very  slightly  de- 
veloped, so  that  the  gland  seems  in  section  to  be  almost  uniformly  a 
mass  of  lymphoid  tissue,  pervaded  by  lymph -channels  and  with  clearer 
rounded  nodules  (germ-centres)  scattered  about,  especially  in  the  cortex 
(fig.  253).  This  is  the  case  with  most  of  the  lymph-glands  of  man  and 
some  other  animals.  In  other  animals,  such  as  the  dog  and  ox,  the 
trabeculifi  are  very  well  developed  and  contain  much  muscular  tissue. 

Nerve-fibres  pass  to  lymph-glands  and  appear  to  be  distributed 
chiefly  as  no n-medu Hated  fibres  to  the  plain  muscular  tissue  of  the 
blood-vessels  and  ti'abeculaa. 

Ordinary  lymph -gland  a  are  confined  to  mammals,  but  Vincent  and  Harrison 
have  fouiiil  hffiTnal  lymph-glands  in  birds. 

Hiemal  lymph-glandB. — In  many  animals  a  certain  number  of  lymph- 
glands  are  obaen'able  which  have  a  red  colour.     Some  of  these  on 
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section  show  that  what  correaponds  to  the  penpheral  Ijmiph-channel 
in  ordinary  lymph  glands  is  in  them  occupied  by  blood  Others 
liavQ  the  greater  part  of  the  interior  occupied  by  large  sinuses  filled 
with  blood ;  but  some  parts  have  the  ordinary  structure  of  a  lymph- 
gland.  The  names  hwrnal  glands  and  kmmal  lymph-glands  (ilobertson)- 
have  been  given  to  these  organs  The  blood  passes  into  the  sinuses 
from  the  arterial  capillanes,  which  probably,  as  in  the  spleen,  become 
incomplete,  and  open  into  the  tissue  interstices,  from  which  at  other 
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parts  the  small  veins  in  like  manner  arise.  Like  the  spleen  these 
hnmal  glands  show  colls  (phagocytes)  which  contain  red  blood- 
corpuscles  in  various  stages  of  transformation  into  pigment. 

Some  hiemal  glands  are  said  by  Weidenreich  to  have  no  lymph- 
channels,  but  this  statement  requires  confirmation. 

The  Tonsils. 

The  tonsils  are  two  masses  of  lymphoid  tissue  placed  one  on  each 

aide  of  the  pharynx,  into  which  they  project.     They  are  covered  on 

the  free  surface  with  the  stratified  epithelium  of  the  mucous  membrane. 
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Fig.  256.— Lyuphatios  of  a  pi 


(Kfilliker.)    MoguiBed  85  diameterB. 
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A,  perilymphatic  noduk  ;  a,  lymphatio;  e.  Its  endotlieUuni ;  e.  lymph-oorpuides  ;  h, 
occumulattoD  of  lymphoid  tissus  on  ons  sldo  of  it ;  d,  bloDd^capllliirles  within  this. 

Bf  endolymphatic  Dodule  conBiHting  oi  an  Golajf-Bd  lymphatic  veeHBl,  d,  withia  which 
is  H  capillarT  netwuric  e,  r,  an  artery,  6,  aud  a  vein,  a\e,  tymphoid  tissue  within 
the  lymphatic,  its  branched  cells  beins  joined  to  uid  deriTsd  from  the  lympbatdc 
endothelium/ 
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lad  this  surta^e  is  pitted  with  apertures  wbicli  lead  into  i 
erypta  in  the  substance  of  the  organ  (fig.  255).  These  reeeaaes  are  all 
tiled  by  a  prolongation  of  the  stratitied  epithelium,  and  into  them 
the  ducts  of  nuraerouB  small  mucous  glands  open.  The  tonsils  are 
fjomposed  almost  entirely  of  lymphoid  tissue,  which,  besides  being 
diffused  over  the  whole  organ,  is  at  intervals  aggregated  into 
nodules,  in  which  the  lymph-cells  are  more  closely  arranged  than 
In  the  clear  centre  {germ-eentre)  of  some  of  these  nodules 
active  multiplication  of  the  lymph-cells  by  mitosis  is  constantly 
proceeding,  and  is,  in  fact,  the  cause  of  the  formation  of  nodules 
1  tissue,  as  in  other  organs  in  which  lymphoid  tissue  occurs. 
Even  the  epithelium  which  covers  the  tonsils  is  infiltrated  with 
lymph-corpuscles  (Stohr),  and  these  may  also  wander  out  on  to  the 
free  surface,  and  become  mingled  with  the  saliva  as  salivary  corpuscles. 
The  lymphoid  tissue  is  highly  vascular,  and  contains  many  lymphatics. 
The  mucous  membrane  of  the  neighbouring  part  of  the  pharynx 
and  of  the  back  of  the  tongue  and  that  of  the  upper  part  of  the 
pharynx  near  the  orifices  of  the  Eustachian  tubes  shows  crypts 
■and  masses  of  lymphoid  tissue  similar  in  structure  to  those  of  the 
tonsils. 

Other  Lymphoid  Structures. 
Lymphoid  tissue  occurs  in  many  other  parts  of  the  body  iu 
addition  to  the  lymphatic  glands  and  tonsils,  although  it  may  not, 
these  structures,  constitute  the  bulk  of  the  organ.  Thus  it 
)B  found  in  many  mucous  membranes,  such  as  those  of  the  intestine 
and  of  the  respiratory  tract,  both  in  a  diffuse  form  and  also  collected 
into  nodular  masses  which  arc  like  the  cortical  nodules  of  a  lymphatic 
■gland,  and  may,  like  these,  be  partially  surrounded  by  a  lymph-sinus. 
In  the  intestine  such  nodules  constitute  the  so-called  solUary  glandi  and 
The  lymphatics  form  plexuses  of  large  sinus-like 
TesseU  which  to  a  large  extent  enclose  the  nodules  (fig.  256).  In 
the  spleen  a  large  amount  of  lymphoid  tissue  is  found  ensheathing 
the  smaller  arteries,  and  also  expanded  into  nodular  masses  (Malpighian 
forjnisdes  of  the  spken).  All  those  structures  will  be  studied  subse- 
quently. Lymphoid  tissue  also  occui-s  in  considerable  amount  in 
he  serous  membranes,  especially  in  young  animals ;  in  the  adult  it 
)  here  mostly  replaced  by  adipose  tissue. 

Development  of  Ijrmphoid  tisBne.— Lymph -glands  are  developed  in 
connection  with  plexuses  of  Ijuipli-veBBela,  an  accumulation  of  retiform 
tissue  aud  Ijmph-cells  taking  place  either  external  to  and  around  the 
lymphatics  (penh/mphutic  formation) ;  or  some  of  the  lympliatics  are  dilated 
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into  a.  siDus  or  sinuaea  and  the  formation  of  lymdlioid  tiaaue  occurs  within 

it  (endolymphatic  formation)  (fig.  257,  a  and  b).  Wlien  there  is  a  develop- 
ment of  lymphoid  tissue  outside  the  lymphatic  vessels  this  nia;^  form  a 
considerable  accumulation  before  the  formation  of  lymph-patha  within  the 
tissue.  Blood-veaaela  are  early  developed  amongst  the  lymphatic  plexuses, 
and  by  these,  according  to  Gulland,  the  first  lymph-corpuaclea  of  the 
lymphoid  tissue  are  brought  to  the  gland. 

The  marginal  sinus  is  produced  by  the  fusion  of  a  number  of  lymph- 
vessels  which  surround  the  accumulation  of  lymphoid  tissue,  while  in  the 
situation  of  the  future  hilos  other  lymph-vessels  grow  into  the  glandular 
substance  and  form  channels  which  subdivide  it  up  into  cords  and  nodules 
(Kling).  The  branched  cells  of  the  lymph-path  are  said  to  be  derived  from 
the  lymphatic  endothelium. 

The  axillary  glan  la  were  found  by  btiles  to  mcrease  m  number  and  size 
dnnng  lactation  dimiuishing  again  after  lactation  has  ceased.  In  the 
developing  tonsils  Gulland  occasionally  found  nests  of  epithelial  cells 
detached  from  the  suiface  epithelium  somen  hat  like  those  found  per- 
manently in  the  thymus 

Thymus 
The  thymaa  gland  is  an  organ  which  in  man  is  found  only  in 
the  embryo  and  during  infincy  It  is  composed  of  a  number 
of  lobules  (fig  258)  varying  in  size  which  are  separated  from  one 
another  by  septa  of  connective  tissue,  along  which  the  blood  veasels 
and  lymphatics   pass  to  and  from  the  lobules     Each  lobule  shows 
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plainly,  when  examined  with  a  low  power,  a  distinction  into  an  outer 
cortical  and  an  inner  medullary  portion.  The  cortical  part  of  the 
lobule  is  imperfectly  divided  into  nodules  by  trabeculse  of  connective 
tissue.  It  is  highly  vascular,  and  is  superficially  similar  in  structure 
to  the  lymphoid  tissue  of  the  lymph-glanda  and  tonsils,  with  which 
it  also   agrees   in   exhibiting  numerous   indications   of  indirect    cell- 


THYMUS. 

I  diviBion,  but  without  dehnite  germ-centres  Besides  leucocytes 
containe  a  number  of  peculiar  granular  cells  The  medulla  is  more 
open  m  its  texture  and  it»  reticulum  is  formed  by  large  trausparent 
branched  cells  (fig    2o9)    which  are  sjmetimes  massed  together  and 

,  then  resemble  epithelium  cells  The  medulla  contains  fewer  lymph 
corpuscles  than  the  cortex  and  has  a  clearer  aspect  Connective  tissue 
fibres  are  not  wholly  absent  from  it     Within  the  medulla,  but  not 
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formation  of  leucocytes  in  the  embryo,  appears  from  more  extended 
investigations  to  be  incorrect. 

Nucleated  red  blood  corpuscles  (erytbroblasts),  similar  to  those  found 
in  red  marrow,  bave  also  been  described  in  the  thymus  (J.  Schaffer), 
and  occasionally  cysts  lined  by  ciliated  epithelium  are  found.  In 
Bome  animals  islands  of  striated  muscular  cells  are  seen  in  the 
medulla.     Multinucleated  giant-cells  are  also  found  (Watney). 

^  The   lobules,   the   cortex   especially,  are 

abundantly  supplied  with  capillary  blood- 
vessels. In  man  the  arteries  penetrate  to 
the  junction  of  cortex  and  medulla,  and 
give  off  most  of  their  capillaries  radially 
into  the  cortical  noduies.  Veins  pass  away 
both  from  the  Bur^e  of  the  lobules  and 
to  a  less  extent  directly  from  the  medulla. 
The  mode  of  distribution  of  the  lymphatics 
has  not  been  definitely  ascertained,  but  none 
are  seen  within  the  lobules.  Nevertheless, 
large  lymphatic  vessels,  containing  many 
lymphocytes,  issue  from  the  interstitial 
connective  tissue  of  the  thymus,  but  in  what  way  they  are  connected 
with  the  lobules  has  not  been  ascertained. 

In  the  human  subject  the  thymus  gland  undergoes  after  childhood 
a  process  of  retrogression,  its  lobules  ceasing  to  grow  and  becoming 
surrounded  and  concealed  by  a  quantity  of  adipose  tissue  which 
develops  in  the  interstitial  connective  tissue  of  the  gland.  Eventually 
the  lobules  atrophy. 
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STRUCTUUE  OF  THE  SPLEEN. 


LESSON    XXIII. 


s  of  tht  spleen  hardeneii  iu  Milller's  fluid  or  formol  and  atainad 
with  hcematoxyliii  and  eosin.  Notice  the  trabeeulie  enteudiiig  into  the 
snbBtance  of  the  oi'gan  from  t.he  capHule.  Notice  also  tbftt  the  glandular 
eabetance  is  of  two  kinds,  (1)  lymphoid  tissue  H:cciiinulated  around  the  small 
arteriea  and  here  and  there  niaaaed  to  form  lymphoid  nodiUee—tbe 
Sfalpighian  corpuacles — and  (2)  a  tissue— the  I'ed  pulp^-conaisting  of  a 
reticulum  of  fibrils  and  branching  cells:  this  tissue  contains  blood  in  its 
interstices. 

Sketch  part  of  a  section  under  a  low  power  and  a  small  portion  of  the  pulp. 
under  a  high  power. 

S.  Sections  across  a  suprarenal  capsule  hardened  in  2  per  cent,  bichromate 
of  potassium.  In  sections  iiot  otherwise  stained,  notice  the  deep  browu 
coloration  of  the  medulla  (action  of  the  chromic  salt).  Stain  other  Huctions 
with  eosiu  and  hiemstoiylin.  Examine  first  with  a  low  power,  noticmg 
the  general  arrangement  and  extent  of  the  cortical  and  mednllary  parts  of 
the  organ,  and  raiiking  a,  general  »keteh  which  ahiill  include  both.  After- 
wards sketch  carefully  under  the  high  power  a  grouji  of  cells  from  each 
part  of  the  organ. 

3.  Sections  of  the  thyroid  body  stained  with  eosiu  and  liiematoxylin. 
Notice  the  vesicles  lined  with  cubical  epithelium  and  filled  with  a  "  colloid  " 
Bubstence  which  becomes  stained  with  hiematoxylin.  Sketch  one  or  two 
Tesiclea.  Measure  several  vesicles.  The  sections  will  probably  also  include 
one  or  more  parathyroids. 

4.  Sections  (antero-posterior)   through   the   pituitary   body.     Notice   the 
(epithelial)  anterior  lobe  separated  by  a  cleft  from  the  (nervous) 
lobe.     (The    anterior   part   of    the   posterior   lobe    is   alao    covered   by 
epithelial  layer.) 

5.  Injected  preparations  of  these  or^ns  may  also  be  studied  :  the  Kpl< 
ia  us*oally  naturally  injected  with  hlood. 


I 


The  Spleen. 

The  spleen  is  the  largest  of  the  so-called  ductless  glands.  It  appears 
to  be  functionally  connected  with  the  blood,  white  blood-oorpiiscles 
being  formed  and  coloured  blood-corpuacles  being  submitted  to  destruc- 
tion within  it. 

Like  the  lymph-glands,  the  spleen  is  invested  with  a  fibrous  and 
muscular  mpsiUe  (fig.  261),  which  is  however  stronger  and  has  far 
more  plain  muscular  tissue;  outside  the  capsule  ia  a  covering  derived 
from  the  serous  membrane.     The  capsule  sends  bands  of  trabeculte 
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into  the  oi^an  and  these  join  with  a  network  of  similar  trabeculie 
which  pass  into  the  gland  at  the  hilus  along  with  the  blood- vesBeh. 
In  the  interstices  of  the  framework  thus  constituted  lies  a  soft  pulpy 
suhetance  containing  a  large  amount  of  blood  and  therefore  of  a  deep 
red  colour  dotted  within  which  are  here  and  there  to  be  seen  small 
round  bodies  whiter  than  the  pulp  in  the  fresh  organ  but  darker  in 
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stained  sections  the  Maljighan  iwjmsdes  of  the  spleen  These  are 
composed  of  l}mpboid  tissue  which  is  gathered  up  into  masses  which 
envelop  the  smaller  arlenes  whilst  the  red  pulp  which  everywhere 
surrounds  them  and  which  forms  the  bulk  of  the  organ  is  composed 
(Carlier)  of  a  close  network  of  connective  tissue  fibrils  (fig.  262), 
partly  covered  by  flattened  and  branched  cells  (fig  '63)  Passing  into 
the  pulp  s^nd  Lommunicatiiig  with  it's  interstices  are  capillary  blood- 
vessels which  are  connecteil  with  the  terminations  of  the  arteries; 
whilst  in  other  p'irts  venous  channels — characterised  in  the  human 
spleen  by  an  encirclement  of  reticulum  fibres  possibly  of  an  elastic 
nature  (flg  264)  and  bj  the  presence  of  a  layer  of  highly  characteristic, 
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external  coat  becomes  gradually  converted  into  a  thick  sheath  of 
lymphoid  tissue  which  invests  them  in  the  remainder  of  their  course, 
and  in  places  becomes  swollen  into  the  Malpighian  corpuscles  already 
mentioned.  The  small  arteries  distribute  a  few  capillaries  to  the 
Malpighian  corpuscles,  and  then  break  up  into  pencils  of  capillary 
vessels  which  open  into  the  interstices  of  the  pulp.' 

The  Malpighian  corpuscles  frequently  but  not  always  show  a 
clearer  central  nodule  or  f/erm,  centre,  characterised  by  the  presence  of 
numerous  mitoses ;  and  the  stainable  bodies  of  Flemming  (see  p.  205) 
are  also  seen  in  them. 

'It  ia  right  to  state  that  iimny  aathorities  hold  that  the  arterial  oapiilariea 
open  iato  the  venoua  sinuses  and  that  the  blood- system  of  the  spleen  ia  theie- 
fore  a,  uloaed  one,  the  lilood-corpuaclea  pHSSiDg  into  the  pulp-intersticei  hy 
diapedesis. 
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The  special  cellular  elements  of  the  spleen-pulp  are  of  three  kinds,  viz. 
(1)  peculiar,  large,  amoeboid  phagocytic  cells,  (2)  megakaryocytes  or  gia/nt 
cells,  and  (3)  branched  and  generally  flattened  cells  which  assist  in  forming 
the  spongework.  The  pulp  also  contains  all  the  corpuscular  elements 
of  blood.  The  phagocytic  cells  are  frequently  found  to  contain  coloured 
blood-corpuscles  in  their  interior  in  various  stages  of  transformation 
into  pigment.  They  occur  both  in  the  interstices  of  the  pulp  and  in 
the  venous  sinuses  and  veins,  where  they  are  often  filled  with  erythro- 
cytes (fig.  265).  The  giant  cells  are  most  frequent  in  young  animals 
(fig.  266) :  their  function  has  not  been  ascertained.  The  branched 
cells  of  the  spongework  are  probably  of  the  same  nature  as  the 
endothelium  cells  of  the  terminal  capillaries  and  veins  of  the  pulp. 
They  are  connected  with  one  another  and  with  the  endothelial  cells 
of  the  small  vessels  by  branches.  The  phagocytic  spleen  cells  are 
perhaps  derived  from  them. 

Nucleated  coloured  corpuscles  are  found  in  the  embryo,  and 
occasionally  after  birth,  in  the  spleen-pulp.  The  blood  of  the 
splenic  vein  is  very  rich  in  leucocytes. 

The  lymphatics  of  the  spleen  run  partly  in  the  trabeculse  and  capsule, 
and  partly  in  the  lymphoid  tissue  ensheathing  the  arteries.  They  join 
to  form  larger  vessels  which  emerge  together  at  the  hilus.  There  are 
no  lymphatics  in  the  spleen  pulp. 

The  nerves,  which  are  numerous  and  mostly  non-meduUated,  are 
distributed  to  the  muscular  tissue  of  the  arteries  and  to  that  in  the 
capsule  and  trabeculse. 

Mall  states  that  the  distribution  of  the  trabeculse  and  of  the  blood-vessels 
within  the  spleen  is  such  as  to  indicate  a  differentiation  of  the  pulp  into 
divisions  which  he  terms  "spleen  lobules,"  each  of  which  has  its  own 
arteriole  and  venule,  and  in  which  the  pulp  is  arranged  in  columns  or 
cords  surrounded  by  venous  spaces.  It  must,  however,  be  understood  that 
there  is  nothing  of  the  nature  of  partitions  separating  such  lobules :  to  all 
appearance  the  pulp  is  in  continuity  throughout  the  organ. 


The  Suprarenal  Capsules. 

The  suprarenal  capsules  (adrenals)  belong  to  the  class  of  bodies 
known  as  ductless  glands,  but  they  are  entirely  different  in  structure 
and  function  from  the  spleen  and  lymphatic  glands.  A  section  through 
the  fresh  organ  (fig.  267)  shows  a  cortex  which  is  striated  verti- 
cally to  the  surface,  and  of  a  yellowish  colour,  and  a  medulla  which  is 
soft  and  highly  vascular,  and  of  a  dark-red  colour.  The  whole  organ  is 
invested  by  a  fibrous  capsule  which  sends  fibrous  septa  inwards  through 
the  cortical  substance  (fig.  268,  a),  subdividing  this  for  the  most  part 
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EjdDto  columnar  groups  of  cells  {imia  fiiscioikiht,  c).     Immediately  under- 

r-Keath  the  capsule,  however,  the  grou|jB  are  more  rounded,  and  the  cells 

f  'tend  to  assume  a  columnar  form  (zona  glomentlusa,  b),  whilst  next  to 

the  medulla  they  have  a  retie  ilar  arrangement  (  ona  relicularis,  d). 

11 


The  cells  which  form  the  cortical  substance  are,  for  the  most  part, 
i  polyhedral  in  form ;  each  contains  a  clear  round  nucleus,  and  there 
I  'are  often  yellowish  oil-globules  in  their  protoplasm.  No  arteries  and 
B  penetrate  between  these  cells,  both  these  and  the  lymphatics  of 
I  .the  cortex  running  in  the  fibrous  septa  between  the  columns  of  cells, 
LtR^ch  they  aurroutid  with  a  capillary  network.  In  the  zona  reticularis 
1  capillaries  widen  out  and  occupy  the  spaces  between  the  cell- 
Bolumns  (fig.  2&B,d).  The  lymphatics  communicate  with  fine  canals 
rfcetween  the  cells  of  the  cortex. 
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The  cells  of  the  medulla  (fig.  269)  are  more  itregulftrly  disposed. 
They  are  supported  by  a  network  of  elastic  fibres.  They  lie  in  very 
close   relation   to    the  large  capillary  blood-Bpa:CeB    (sinueoids)   which 


H  Fig. 

I  pervade  the  medulla  and  they  probably  pour  a  eecretion  directlv  into 

I  the  blood.     Their  protoplasm  is  granular ;  in  some  animals  it  contains 

H  a  brownish  pigment,  but  in  man  the  dark  red  colour  of  the  medulla  is 

■  due  to  the  biood  contained   in    the  large  sinusoid  spaces  by  which 

■  it  is  pervaded,  and  which  receive  the  blood  after  it  has  traversed 
I  the  capillaries  of  the  cortex.  A  few  arterioles  pass  straight  to  the 
^L  medulla  through  the  cortex.     One  large  vein  usually  passes  out  at 
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•the  bilus  in  the  anterior  surface  of  the  glaud.  Investing  the  larger 
veins  are  longitudinal  bundles  of  plain  muscular  fibres ;  but  most  of 
tbe  veins  have  only  an  endothelium.  Numerous  nerves,  after  traversing 
tihe  cortical  substance,  are  distributed  throughout  the  medulla,  where 
they  form  a  close  plexus  provided  here  and  there  with  ganglion-cells. 
The  cells  of  the  medulla  are  characterised  by  staining  brown  by 
«hromic  acid  and  its  salts,  provided  the  organ  is  fresh  (chromophil 
or  chromaffin  cells). 

The  medulla  of  the  suprarenal  capsule  is  developed  from  cells  which 
become  detached  from  the  rudiments  of  tbe  sympathetic  ganglia,  and 
are  therefore  of  ectodermal  origin.  The  cortex  is  developed  Irom 
mesoderm. 

The  Thyroid  Body. 

The  thyroid  body  consists  of  a  framework  of  connective  tissue 

inclosing  numerous  spherical  or  oval  vesicles  (fig.  270)  which  are  lined 
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with  cubical  epitbelium-cells;  these  often  contain  granules  of  a  fatty 
character.  The  cavities  of  the  vesicles  are  usually  occupied  by  a 
peculiar  viscid  liquid  (colloid)  which  is  coagulated  by  alcohol  and 
which,  then  becomes  stained  with  hsematoxylin.     A  similar  material 
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has  been  fouod  in  the  lymphatics  of  the  gland,  aod  may  often  be 
detected  also  in  the  interstices  of  the  connective  tissue. 

The  bloodvessels  of  the  thyroid  are  numerous  and  ^ive  a  daep 
red  colour  to  the  organ.  The  capillaries  form  close  plexuses  round 
the  vesicles  (fig.  271),  and  even  extend  between  the  lining  epithehum 

Parathyroids.^ — In  close  proximity  to  or  embedded  in  the  substance 
of  the  thyroid  are  always  to  be  found   four  small   glandular  organs 


th^oid  V 
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of  different  structure  from  the  thyroid  proper,  although  somewhat 
resembling  its  embryonic  condition  (Hg.  272).  These  bodies,  one  of 
which  usually  lies  on  the  lateral  and  one  on  the  mesial  surface  of  each 
lateral  lobe,  are  formed  of  columns  of  granular  epithelium-cells,  with 
a  very  vascular  connective  tissue  between  the  columns.  If  left  after 
removal  of  the  thyroid,  they  are  stated  to  undergo  hypertrophy,  and 
to  develop  a  vesiculai'  structure  (Vincent  and  Jolly).  Besides  these 
bodies,  there  is  also  frequently  to  be  found  in  connexion  with  the 
thyroid  a  small  mass  of  lymphoid  tissue  which  resembles  the  thymus 
tissue  in  structure,  and,  like  it,  contains  concentric  corpuscles. 


CAROTID   AND  COCOYGEAl   GLANDS. 

These  are  minute  glandular  organs  without  ducts,  lying  respectively 
at  the  bifurcation  of  the  carotid  artery  and  in  front  of  the  apex  of  the 
coccyx.  They  are  composed  of  polyhedral  ceils,  with  numerous  blood- 
capiUaries  between  them.     In  the  carotid  gland  the  cells  are  collected 
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into  spheroidal  clumpe,  in  the  coccygeal  gland  into  irregular  nodules. 
The  blood-TeaselB,  at  least  in  the  coccygeal  gland,  have  a  einuaoidal 
character  (Walker).  Amongst  the  cells  are  some  which  stain  dark 
brown  with  chromic  acid  like  those  of  the  medulla  of  the  suprarenal 
capsules  (chromophil  cells).  A  certain  number  of  auch  cells  occvu: 
also,  according  to  Kohn,  in  sympathetic  ganglia. 


Thb  PiTUiTAEY  Body. 

The  pituitary  body  or  gland  {hypopky'is  cerebri)  is  a  small  reddish 

mass  which  lies  in  the  sella  turcica  and  is  connected  with  the  third 

ventricle   bj    the  inlundibuium       It  Loneists  of  two  lobes,   a    larger 

anterioi    and    a   smaller    postenor   (hg     375)       The   anterior    iuhe    is 
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originally  developed  as  a  hollow  protrusion  of  the  buccal  epithelium. 
It  consists  of  a  number  of  tubules,  which  are  lined  by  epithelium 
and  united  by  connective  tissue.  In  some  of  the  tubes  the 
epithelium  is  ciliated,  and  occasionally  a  colloid  substance  is  found 
in  them,  but  for  the  most  part  the  lumen  of  the  tubules  has  become 
obliterated  in  the  adult,  and  they  present  the  appearance  of  solid 
€ell-masses  between  which  are  numerous  large  venous  capillaries, 
perhaps  sinusoids.  Some  of  the  cells  are  clear,  others  darkly  granular 
in  appearance  (fig.  275  a). 

The  posterior  lobe  of  the  pituitary  body,  which  is  developed  from  the 
infundibulum  of  the  third  ventricle,  consists  chiefly  of  vascular  connec- 
tive tissue  and  neuroglia,  but  it  also  includes  masses  of  cells  of  an 
epithelial  character  (pars  intermedia)^  which  are  continuous  with  those 
of  the  anterior  lobe.  It  is  partly  separated  from  the  anterior  lobe  by 
a  clefb>like  space  containing  glairy  fluid.  In  man  the  posterior  lobe  is 
stated  to  contain  no  cells  in  the  adult  of  distinctly  nervous  character, 
but  it  receives  many  nerve-fibres  which  arise  from  large  cells  in  the 
grey  matter  just  behind  the  optic  chiasma,  some  of  which  penetrate 
into  the  glandular  substance. 
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LESSONS  XXIV.  AND  XXV. 

THE  SKIN. 

1.  Sections  of  skin  from  the  palmar  surface  of  the  fingers.  The  skin  is 
hardened  in  picric  acid  or  formol,  followed  by  alcohol.  The  sections  are 
made  vertical  to  the  surface,  and  should  extend  down  as  far  as  the  sub- 
cutaneous tissue.  Notice  the  layers  of  the  epidermis  and  their  different 
behaviour  to  staining  fluids.  Notice  also  the  papillse  projecting  from  the 
corium  into  the  epidermis  and  look  for  tactile  corpuscles  within  them.  In 
very  thin  parts  of  the  sections  the  fine  intercellular  channels  in  the  deeper 
parts  of  the  epithelium  (see  Lesson  VII.)  may  be  seen  with  a  high  power.  The 
convoluted  tuoes  of  the  sweat-glands  are  visible  here  and  there  in  the  deeper 
parts  of  the  corium,  and  in  thick  sections  the  corkscrew -like  channels  by 
which  the  sweat  is  conducted  through  the  epidermis  may  also  be  observea. 
Make  a  sketch  showing  the  general  structure  under  a  low  power,  and  other 
sketches  to  exhibit  the  most  important  details  under  a  high  power.  Measure 
the  thickness  of  the  epidermis  and  the  length  of  the  papillae. 

2.  Sections  of  the  skin  of  the  scalp,  vertical  to  the  surface  and  parallel, 
to  the  slope  of  the  hair-follicles,  and  others  parallel  to  the  surface,  and' 
therefore  across  the  hair-follicles.  Stain  and  mount  in  the  same  way  as  in 
the  last  preparation.     Examine  also  the  structure  of  the  hairs. 

In  these  preparations  the  details  of  structure  of  the  hairs  and  hair-follicles^ 
together  with  the  sebaceous  glands  and  the  little  muscles  of  the  hair-foUicles,. 
are  to  be  made  out. 

3.  Vertical  sections  of  the  nail  and  nail-bed.  To  cut  such  hard  structures 
as  the  nail  it  is  best,  after  fixing  with  picric  acid  or  formol  followed  by  75 
p.c.  alcohol,  to  soak  the  tissue  in  strong  gum  arable  for  a  few  days,  then  place 
it  in  an  appropriate  position  upon  a  cork  or  upon  the  object-carrier  of  a 
microtome,  and  plunge  the  whole  into  70  per  cent,  alcohol.  This  renders  the 
gum  hard,  and  enables  sections  to  be  cut  of  sufficient  fineness.  A  plane  iron 
should  be  used  with  the  microtome,  since  the  hardness  of  the  nail  will  turn 
the  edge  of  a  razor.  To  remove  the  gum  the  sections  are  placed  in  water  for 
a  few  hours ;  they  may  then  be  stained  and  mounted.  Notice  the  ridges 
(not  papillae)  of  the  corium,  projecting  into  the  epidermis.  Observe  also  the 
distinction  of  the  epidermis  into  Malpighian  layer  and  nail  proper. 

4.  Mount  a  section  from  a  portion  of  skin  in  which  the  blood-vessels  have 
been  injected,  and  notice  the  distribution  of  the  capillaries  to  the  sweat- 
glands,  to  the  hair-follicles,  and  to  the  papillary  surface  of  the  corium. 

5.  The  cells  which  compose  the  nails  and  hairs  can  be  isolated  by  warming 
a  small  piece  of  nail  or  nair  in  strong  sulphuric  acid  ;  after  this  treatment 
they  are  readily  separated  from  one  another  by  pressure  upon  the  cover- 
glass. 

6.  Sections  of  mammary  gland  during  lactation.  The  gland  may  be  fixed 
in  Zenker's  fluid  (see  Appendix)  and  the  sections  stained  with  hsematoxylin 
and  eosin.  

The  skin  is  composed  of  two  parts,  epidermis  and  cutis  vera  (fig.  276). 

The  epidermis,  or  scarf  skin,  is  a  stratified  epithelium  (fig.  277).     It 

is  composed  of  a  number  of  layers  of  cells,  the  deeper  of  which  are 


soft  and  protoplasmic,  and  form  the  rete  mvcoswm  of  MaJpighi,  whilst 
the  superficial  layers  are  hard  and  horny,  this  horny  portion  sometimes 
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these  cells  contain  pigment-granules.  In  the  layers  immediately  above 
them  the  calls  are  polyhedral.  Between  all  these  cells  of  the  rete 
mucosum  there  are  fine  intercellular  clefts  which  separate  the  ceils 
from  one  another,  but  are  bridged  across  by  fibres  which  pass  from 
cell  to  cell,  and  also  through  the  substance  of  the  cells  (Ranvier, 
DeJ^pinc).      Th(>  fntcTT-llitlnr  r.h.uinrls  r-vrvc  fnr  the   pn?^ni;e  of  lymph, 
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and  within  them  occaaionally  lymph-corpuacles  may  be  found,  often 
having  a  stellate  figure  from  becoming  shaped  to  the  interaticBs, 

The  superficial  layer  of  the  cete  mucosum  is  formed  of  somewhat 
flattened  cells  filled  with  granules  or  droplets  of  a  material  {eleidin) 
which  stains  deeply  with  carmine  and  hematoxylin  (slraium  grUnidosam, 
fig.  277;  fig,  278).  This  is  not  sharply  marked  off  from  the 
cells  of  the  rete  mucosum  which  lie  next  to  it,  for  many  of  these 
show  similar  granules,  although  they  less  completely  fill   the  cell. 


THE  SKIN. 

Scperficial  to  the  stratum  granuloaum  is  a  layer  in  which  the  cell- 
outlines  are  indistinct  and  the  cells  contain  flakes  or  larger  droplets  of 
K  hyaline  material  (kemlo-kyaUn),  which  stain  leas  intensely  than  the 
granules  in  the  last  layer,  and  which  tend  to  rnn  together.  This 
^yer  has  a  clear  appearance  in  section,  and  is  known  as  the  stratum 
iucidum.  Immediately  superficial  to  the  stmtum  lucidum  is  the  homi/ 
fart  (stratum  eorneum)  of  the  epidermis.  It  is  eompoaed  of  a  number 
of  layers  of  epithelium  cells,  the  nuclei  of  which  are  no  longer  visible. 
These   cells   near   the   surface   take   the  form  of    thin    horny    scales 
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which  eventually  become  detached  (fig.  279,  •■)  In  ceitain  parts  ' 
have  a  thick  epidermis  and  arc  not  covered  with  hair  {eg  the  p 
and  soles),  the  superficial  part  of  the  epidermis  is  a  layer  mainly 
formed  by  a  number  of  greatly  swollen  cells  {sw),  forming  collectively 
what  has  been  termed  the  epitrkJiial  layei  In  the  embiyo  in  the 
second  and  third  month  of  intrauterine  life  it  covers  the  whole  body, 
but  is  thrown  off  where  hairs  are  developed. 

The  growth  of  the  epidermis  takes  place  by  a  multiplication  of  the 
cells  of  the  deeper  layers.  The  newly  formed  cells,  as  they  gi'ow,  push 
towards  the  surface  those  which  were  previously  formed,  and  in  their 
progress  the  latter  undergo  a  chemical  transformation,  which  con\'erts 
their  protoplasm  into  horny  matei'ial :  this  change  seems  to  occur  just 
■nd  above  the  stratum  granulosum  (see  fig.  278).  The  granules 
which  occupy  the  cells  of  the  atiutum  granulosum  are  composed,  as 
already   stated,    of  a    substance   termed    f.lsidin,    which    according   to 
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Ranvier  becomes  chemically  altered  and  transformed  into  the  keratin  of 
the  more  superficial  strata. 

No  biood-vesBek  pass  into  the  epidermis,  but  it  receives  nerves 
which  ramify  between  the  cells  of  the  rete  mucosum  in  the  form  of 
fine  varicose  fibrils  (fig.  279).  In  some  parts  these  are  enlarged  at 
their  extremity  and  along  their  course,  into  menisci  which  lie  between 
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the  deeper  epidermis  cells.  Such  terminations  are  seen  in  the  sldn 
over  the  pig's  snout  (fig.  219)  and  in  the  root-sheaths  of  hairs.  They 
also  occur  in  the  skin  in  the  neighbourhood  of  the  entrance  of  the 
sweat-ducts  into  the  epidermis  (Ranvier)  (fig.  280). 

The  cutis  vera  or  corium  is  composed  of  dense  connective  tissue, 
which  becomes  more  open  and  reticular  in  its  texture  in  its  deeper 
part,  where  it  mei^es  into  the  subcutaneous  tissue.  It  is  thickest  over 
the  posterior  aspect  of  the  trunk,  whereas  the  epidermis  is  thickest  on 
the  palms  of  the  hands  and  soles  of  the  feet.  The  superficial  or 
vascular  layer  of  the  corium  bears  microscopic  papUke,  which  project  up 
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into  the  opjdermia,  which  is  moulded  over  them.  These  papillse  for 
the  moat  part  contain  looped  capillary  vessels,  but  some,  especially 
those  of  the  palmar  surface  of  the  hand  and  fingers,  and  the 
corresponding  part  of  the  foot,  contain  tactile  corpuscles,  to  which 
jneduliated  nerre-fibres  pass  (fig.  277), 

In  some  parts  of  the  body  (scrotum,  penis,  nipple,  and  its  areola), 
involuntary  muscular  tissue  occurs  in  the  deeper  portions  of  the  cutis 
.,  and,  in  addition,  wherever  hairs  occur,  small  bundles  of  this  tissue 
are  attached  to  the  hair-follicles. 


The  blood-vessels  of  the  skin  are  distributed  almost  entirely  to  the 
surface,  where  they  form  a  close  capillary  network,  sending  up  loops 
into  the  papillse  (fig.  281).  Special  branches  are  also  distributed  to  the 
various  appendages  of  the  skin,  viz.  the  sweat-glands  and  hair-follicles, 
with  their  sebaceous  glands  and  little  muscles,  as  well  as  to  the  masses 
of  adipose  tissue  which  may  be  found  in  the  deeper  parts  of  the  cutis. 

The  lymphatics  originate  near  the  surface  in  a  network  of  vessels, 
which  is  placed  a  little  deeper  than  the  blood -capillary  network.  They 
'receive  branches  from  the  papillse,  and  pass  into  larger  vessels,  which 
-are  vaJved,  and  which  run  in  the  deeper  or  reticular  part  of  the  corium. 
From  these  the  lymph  is  carried  away  by  still  larger  vessels,  which 

urse  in  the  subcutaneous  tissue. 

The   appendages  of  the   skin  ai'e  the  nails,  the  hairs,  with  their 
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sebaceous  glands,  and  the  swtal-glands.    They  are  all  developed  as  thick- 
enings and  downgrowths  of  the  Malpighian  layer  of  the  epidennis. 

The  Nails. 

The  nails  are  thickeninge  of  the  deeper  part  of  the  stratum  comeum 

developed  over  a  specially  modified  portion  of  the  skin  (lig.  282),  which 


IS  known  as  the  bed  of  the  nail  the  depression  at  the  postenor  part  of 
the  nail  bed  from  which  the  root  of  the  nail  grows  being  known  as  the 
nad-grooie  The  part  of  the  bed  which  occupies  the  inner  or  central 
portion  of  the  grooi  e  is  termed  the  nail  matrix  since  it  la  from  this  part 
that  the  growth  of  the  nail  proceeds  The  distal  [tart  of  the  nail  forms 
the  free  horde)  and  is  the  thickest  part  of  the  body  of  the  nail  The 
substance  of  the  nail  (fig  2Bd  N)  is  composed  of  clear  horny  cells, 
each  containing  the  remains  of  a  nucleus  it  rests  immediately  upon  a 
Malpighian  layer  (S)  similar  to  that  which  is  found  m  the  epidennis^ 
generally  but  destitute  of  a  defined  stratum  granulosum  Never 
thele»s  in  the  more  superficial  cells  both  of  the  bed  and  matnx  there 
are  a  large  number  of  granules  to  be  seen  which  appear  to  represent 
those  of  the  stratum  granulosum  of  the  epidermis  These  granules 
are  ho\eier  not  composed  of  eleidin  but  of  a  matenal  (  nychogejac 
■ub  lance  Ranvier)  which  stains  brown  instead  of  red  with  carmine 
a  similar  miteiial  occurs  in  the  cells  which  form  the  fibrous 
substance  and  cuticula  of  the  hairs.     The   conum  of  the  nail  bed 
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Jayer  of  opidBrmifl ;  i,  Qponjchluni ;  /,  bune  (tBnalnml  phaUux)  nf  finger. 


234  THE  ESSENTIALS  OF  HISTOLOGY. 

is  beset  with  longitudinal  ridges  instead  of  the  papillae  which  are 
present  over  the  rest  of  the  skin ;  these,  like  the  rest  of  the  superficial 
part  of  the  corium,  are  extremely  vascular. 

The  nail-bed  also  receives  many  nerve-fibres,  some  of  which  end  in 
Pacinian  corpuscles  whilst  others  ramify  in  the  ridges  of  the  corium, 
and  others  again  penetrate  amongst  the  deeper  epithelium  cells. 

The  nails  are  developed  in  the  fcetus  at  about  the  third  month,  the 
groove  being  formed  at  this  time  in  the  corium,  and  the  nail  rudiment 
appearing  in  it  as  a  thickening  of  the  stratum  lucidum,  which  lies  over 
the  bed.  It  becomes  free  in  the  sixth  month,  its  free  end  being  at  first 
thin,  but  as  it  grows  forward  over  the  bed  it  receives  additions 
on  its  under  surface — at  least  in  the  posterior  part  of  the  bed — so  that 
after  a  time  the  distal  end  becomes  thicker.  The  epitrichial  layer  of 
the  cuticle  which  originally  covered  the  developing  nail  becomes 
detached  after  the  fifth  month,  and,  after  birth,  only  remains  as  the 
narrow  border  of  cuticle  (eponyckium)  which  overlies  the  lunula  at  the 
root. 

Hairs. 

The  hairs  are  growths  of  the  epidermis,  developed  in  little  pita — 

the  kair-fotlides — which  extend  downwards  into  the  deeper  part  of  the 

^  j(  corium,  or  even  into  the  subcutaneous 

tissue.     The    hair    grows    from    the 

bottom  of  the  follicle,  the  part  which 

thus    lies    within    the    follicle    being 

known  as  the  root  (fig.  286). 

The  substance  of  a  hair  is  mainly 
composed  of  a  pigmented,  homy, 
Jibrous  maUritU  (fig.284,/),  which  can 
be  separated  by  the  action  of  sul- 
phuric acid  into  long  tapering  iibril- 
a  spm  i.vu.  ™.  oM...^o  i.  ^  u  ..™  lated  cells,  the  nuclei  of  which  are 
ItaSw"'  m.'  m'^SlU  uie*Bi?"ha?u^  ^'-'"  visible.  The  fibrous  substance 
b«,n«ii»ii«ibyc^Bd4baiMm.  ^f  the   hair   is   covered  by  a   layer 

of  delicate  imbricated  scales,  termed  the  hair-etUide  (c).  In  many 
hairs,  but  not  in  all,  the  centre  is  occupied  by  an  axial  substance 
(medulla,  m),  formed  of  angular  cells  which  contain  granules  of  eleidin, 
and  frequently  have  a  dark  appearance  from  the  presence  of  minute 
air-bubbles.  The  latter  may  also  occur  in  interstices  in  the  fibrous 
substance.  When  they  are  present,  the  hair  looks  white  by  reflected 
light.  The  root  has  the  same  structure  as  the  body  of  the  hair,  except 
at  its  extremity,  which  is  enlarged  (fig.  285) ;  this  enlargement  is  com- 
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posed  mainly  of  Boft,  growing  cells,  and  fits  over  a  vascular  papilla, 
which  projects  up  into  the  bottom  of  the  follicle  (fig.  287). 

Structure  of  hair-follicle  (figa.  285  to  288).— The  follicle,  like  the  skin 
itself,  of  which  it  is  a  recess,  is  composed  of  two  parts :  one  epithelial, 
and  the  other  connective-tissue.  The  epithelial  or  epidermic  part  of 
the  follicle  closely  invests  the  hair-root,  and  is  often  in  great  part 
dragged  out  with  it  hence  it  is  known  as  the  root  ikealk  It  consists 
of  an   outer  layer  of  soft   columnar  and   polyhedral  cells    like    the 


FlO.   385.— DliGKAM 

Malpighian  layer  of  the  epidermis  but  without  stiatum  granulosum— 
the  outer  root-sheath  ;  and  of  an  inner,  thinner,  horny  stiatum  next 
to  the  hair — the  inner  root-nhtalh  The  inner  root-sheath  itself  consists 
of  three  layers,  the  outermost  being  composed  of  horny,  fibrous,  oblong 
Bells  the  nuclei  of  which  are  obscure  and  difficult  to  make  out  (Senle's 
layer),  the  next  of  polyhedral  nucleated  cells  containing  eleidin  (Huxlt^s 
tat/fr),  and  the  third — the  cuficle  of  the  Tootskmtk-~&  layer  of  down- 
wardly imbricated  scales,  which  fit  over  the  upwardly  imbricated  scales 
■of  the  hair  itself.  In  the  more  superficial  part  of  the  hair-follicle  the 
layers  of  Huxley  and  Henle  are  indistinguisbable,  the  cells  of  both 
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being  clear  and  keratiniaed  even  lower  down  where  distinguiBhabl© 
they  show  a,  tendency  to  doietail  into  one  another  At  the  Ixiltom 
of  the  follicle  no  diffeientiation  into  layers  can  be  made  out  in  the 
root-sheath  which  h  here  formed  by  a  iimform  raaBB  of  soft  cells 
Burrouddin^  the  papilla 


I.  Ttarouch  paulUu.    tl.  Just  above  papilla, 
miter  «Lrt  pf  (ollicle.    in  I.  :-v,  papills 
[tl  cellH ;  hj/,  lijaJlDa  laj^Br  of  da 


^in"!*,"  In 
of  HU1U7  at  th 


.  About  middle  of  folliulo.    IV.  Near 
epitholiuiD  surtgundliiK  papilla,  with 

u.th ;  i',  layor  o(  Henle  and  i",  layflr 


In  the  greater  extent  of  the  follicle  the  outer  root-sheath  is  several 
layers  deep,  but  as  the  bottom  of  the  follicle  is  approached  it  becomes 
thinner  and  is  finally  reduced  to  a  single  stratum  of  cells  which  becomes 
flattened  out  into  a  very  thin  layer  in  the  papillary  part  (fig.  286,  I.). 

The  connective  tissue  or  dermic  ptirt  of  the  hair-follicle  is  composed  , 
internally  of  a  vascular  layer,  which  is  separated  from  the  root-sheath 
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veins  near  the  bottom  of  the  follicle  are  dilated  into  sinuses,  ao  as 
to  produce  a  kind  of  erectile  structure. 

The  hair-follicle  receives  nerve-fibres  which  pass  into  the  papilla,  and 
others  which  enter  the  root-sheath.  These  last  are  derived  from  the 
superficial  nerves  of  the  corium  and  form  ring-like  arborisations  iti  the 
upper  part  of  the  hair  follicle.  They  are  especially  well  developed  in 
the  large  tactile  hairs  (whiskers)  of  animals  (tigs.  389,  290,  291). 


The  hair  grows  from  the  bottom  of  the  follicle  by  multiplication 
of  the  soft  cells  which  cover  the  papilla,  these  cells  becoming  elongated 
and  pigmented  to  form  the  fibres  of  the  fibrous  substance,  and  other- 
wise modified  to  produce  the  medulla  and  cuticle  of  the  hair  and  the 
several  layers  of  the  root-sheath.  The  cells  which  form  the  medulla 
of  the  hair  and  the  inner  rootsheath  are  filled  with  granules  of  eleidin, 
but  those  which  form  the  fibrous  substance  and  cuticula  of  the  hair 
have  granules  which  stain  brown  with  carmine,  and  appear  similar  to 
those  which  are  met  with  in  the  corresponding  cells  of  the  nail-matrix 
(Ranvier)  (see  p.  232). 

On  the  side  to  which  the  hair  elopes  a  small  patch  of  richly  innervated 

thickened  epidermis  is  usual!)'  to  be  found,  developed  over  an  enlarged 

I  papilla  of  the  cutis  vera  ;  while  on  the  opposite  aide  of  the  hair  is  a  flat  arte 

>,  of  akin  with  thickened  scale-like  epidermic,  which  may  reprefent  n  vestige 

[  at  the  reptilian  scale  (Piiikiis). 
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Th«  hair  gerais  when  they  first  appear  (as  at  a,  fig.  393)  are  siogularl/ 
like  certain  tactile  paUihea  which  are  found  in  the  akin  of  amphibia  and  some 
reptiles,  and  it  is  possible  that  hairs  have  become  developed  phylogeneticall}' 
from  theae.  patches.  It  is  well  known  that  the  tactile  sensibility  of  man/ 
parts  of  the  skin  is  intimately  associated  with  the  hairs,  where  these 
occur,  although  parts  devoid  of  hairs  may  also  have  a  highly  developed 
sense  of  touch. 

Besides  the  ha  r  fol  cles  already  descr  bed  wh  h  are  p  ovided  with 
a  papilla,  from  the  cells  on  the  surface  of  wh  eh  the  ha  r  and  ta  inner 
root-sbeath  grow  (g  owtnff  ha  s  pup  laled  ha   s  ha      with  ho  tow  bvll)), 


I    - 


& 


( 


FlO.    291,— NkR   K  BSD  NG     N  O   TBB  BOOT  SHEATH  O     T  E  HAIR  OF  RABBIT. 

Ban 
n,  nerve-fibre ;  Ki  ta<  11    n  olac  te      w     bei^th       in        nut- biAtli    h   hair; 

there  are  many  hairs  which  are  unprovided  with  a  papilla  and  the 
follicle  of  which  ceases  at  the  level  of  attachment  of  the  arrector 
pili  muscle  {cluh-kairs,  nrni-papillaled  hairs,  hairs  with  solid  bvlb).  These 
are  hairs  which  have  lost  their  papilla  and  have  ceased  to  grow  ;  they 
are  more  easily  eradicated  than  the  growing  haira,  and  tend  to  fall  out 
spontaneously  after  a  time.  In  their  follicles  the  whole  of  the  lower 
part,  including  the  original  papilla  and  the  soft  growing  cells  which 
cover  it,  have  entirely  disappeared,  the  hair  being  now  attached  at  its 
aides  and  below  to  the  root-sheath.  A  hair  which  has  thus  ceased  to 
grow  eventually  becomes  lost,  but  its  place  is  presently  supplied  by  a 
new  hair,  which  becomes  developed  in  a  down-growth  from  the  bottom 
of  the  follicle,  a  new  papilla  becoming  formed  at  the  extremity  of  the 


[  This  absorption  appears  to  bo  effected  by  the  cells  of  the  outer  s 

.  which  multiply  at  the  expense  of  the  keratiniaed  parts  of  the  hair  root 

I  and  thus  undermine  its  attachment  to  the  follicle  (fig.  292). 

The  hairs  are  originally  developed  in   the  embryo  in  the  form  of 

small  solid  down-growths  from  the  Malpighiau  layer  of  the  epidermis 

<fig,  293).     The  hair-germ,  as  it  ia  called  (although  it  gives  rise  not 

I  only  to  the  hair  proper  but  to  the  epithelium-cells  of  the  hair-foJlicle 
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also),  is  at  first  composed  entirely  of  soft  growing  cells,  the  outermost 
and  deepest  having  a  columnar  shape;  but  presently  those  in  tha 
centre  become  differentiated,  so  as  to  produce  a  minute  hair  invested 
by  inner  root-sheath,  its  base  resting  upon  a  papilla  which  has  become 
inclosed  by  the  extrenUty  of  the  hair-germ  and  which  is  continuous 
with  the  connective  tissue  of  the  corium  (figs.  294,  295).  As  the  minute 
hair  grows,  it  pushes  its  way  through  the  layers  of  the  epidermis, 
which  it  finally  perforates,  the  epitrichial  layer  being  thrown  -off 
(p.  229).  At  the  same  time  the  follicle  grows  more  deeply  into  the 
cutis  vera,  carrying  the  papilla  down  with  it. 


L 


tlve-tiaBue  oalla  beginning 
d,  hHlr-toUlpIa  more  advai 


The  hair-rudiments  begin  to  appear  at  the  third  or  fourth  month  of 
fcetal  life ;  their  growth  is  completed  about  the  fifth  or  sixth  month, 
and  the  fine  hairs  which  they  form  constitute  a  complete  hairy  cover- 
ing termed  the  lanuijo.  This  is  entirely  shed  within  a  few  months  of 
birth,  the  new  hairs  being  formed  in  down-growths  from  the  old  hair- 
follicles  in  the  manner  already  mentioned. 

Hairs  grow  at  the  rat«  of  half  an  inch  per  month.  They  are  found 
all  over  the  surface  of  the  body  except  on  the  palms  of  the  Lands  and 
the  soles  of  the  feet,  and  ou  the  distal  phalanges  of  the  fingers 
and  toes.  They  usually  slant,  and  in  the  negro  the  hair-follicles 
are  even  considerably  curved.  On  the  scalp  they  are  set  in  groups, 
as  is  well  seen  in  a  horizontal  section. 

Tlie  haira  of  animals  htb  often  curiousl;  marked  by  the  arrangement  of 
tlieir  medulla,  the  markings  beiug  characteristic  oi  paiticular  species. 
In  some  animals,  e-g.  the  mote,  the  hairs  have  a  varicose  form  with  alter- 
uate  enlargements  and  oonstrictionB.    In  htimau  h&ir  tiie  disappearance  of 
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the  papilla  is  preceded  bv  its  oradual  diminutiun  m  size  and  during  tliia 
penod  the  root  of  the  hair  13  1  ecniuiiig  graJualh  more  aleudcr  (BanMur), 
BO  that  wheo  sucli  a  haii  is  piill«d  out  it  appears  to  be  uf  least  diameter 
near  the  bulb  instead  of  being  laigest  there,  as  is  the  case  under  ordinary 
circunistaiicea 

Muscles  of  tte  hairs  — A  small  muscle  composed  of  bundles  of 
plain  muscular  tissue  is  attached  to  each  hair  follicle  {anPetriT  pili) 
It  passes  from  the  superhcial  part  of 
the  conum  on  the  side  to  which  the 
hair  slopes  obliquely  downwards  to 
lie  attached  near  the  bottom  of  the 
lollitle  to  a  projection  formed  bj  a 
locahaed  hypertrophy  of  the  outei 
root^heath  When  the  nmscle  eon 
tracts  the  hair  becomes  more  erect 
and  the  follicle  is  dragged  upwards  so 
as  to  cause  a  prominence  on  the 
general  surface  of  the  skin  w  hilst 
the  {>art  of  the  conum  from  which 
the  httle  muscle  arises  is  coriespond 
inglj  depressed  the  roughened  con 
dition  known  as  'goose  akin'  being 
iu  this  way  produced.  There  is 
always  a  sebaceous  gland  in  the 
triangle  formed  between  the  arrector 
pili,  the  mouth  of  the  hair-follicle, 
and  the  epidermis,  so  that  the  con- 
traction of  the  arrector  generally 
causes  the  secretion  of  the  gland  to 
be  extruded. 


-/^ 


Glands  of  the  Skin. 


(Ranv 
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The  sehaceouB  glands  (fig.  285)  are  ''■^£^1] 
small  saccular  glands,  the  ducts  from  ]^otSi« 
which  open  into  the  mouths  of  the  f,"^"^!™ 
hair-follicles,  but  they  are  also  found 
in  a  few  situations  which  are  devoid 
of  hairs  {margin  of  lips,  labia  minora, 
glans,  and  prepuce).  The  Meibomian 
glands  of  the  eyelid  may  also  be  regarded  as  modified  sebaceous 
glands.  Both  the  duct  and  the  saccules  are  lined  by  epithelium 
■which  beciimes  charged  with  fatty  matter.     This  sebaceous  matter  ii 


tlnu  of  Otillfl  iu  the  put  whjch  will 
becorae  tbc  neck  of  Xie  [olllclo.  Tliii 
liatiael  for  tbo  paeHga  of  the 
throujifh     tbo     MalplghJuL 
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to  open  on  the  surface  by  cork  screw -like  channels  in  the  epidermis 
(figs.  276,  281). 

The  i/landular  or  itcrriing  tube  is  a  convoluted  tube  composed  of  a 
basement-membrane  lined  by  a  single  layer  of  cubical  or  columnar  epi- 
ihelium-celU,  and  with  a  layer  of  longitudinally  or  obliquely  disposed 
fibres  between  the  epithelium  and  basement-membrane  (fig.  2'J6}.  These 
fibres  are  usually  regarded  as  muscular,  but  the  evidence  on  this  j)oint 
is  not  conclusive.  The  secreting  tube  is  considerably  larger  than  the 
ffferent  tube  or  duct,  which  begins  within  the  gland  and  usually  makes 
several  convolutions  before  leaving  the  gland  to  trai'crae  the  cutis  vera. 
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The  efFerent  tube  has  an  epithelium  consisting  of  two  or  three  layers  of 
cells,  within  which  is  a  well-marked  cuticular  lining,  but  there  is  no 
muscular  layer.  The  passage  through  the  epidermis  has  no  proper  wall, 
but  is  merely  a  channel  excavated  between  the  epithelium-cells.  Tery 
large  sweat-glands  occur  in  the  axilla. 

The  ceruminofts  gUivds  of  the  ear  (fig.  297)  are  modified  sweat-glands. 
The  secretion  is  of  a  sebaceous  nature,  instead  of  being  watery  like 
that  of  the  ordinary  sweat-glands. 

The  sweat-glands  are  developed,  like  the  hairs,  from  down-growths 
of  the  Malpighian  layer  of  the  epidermis  into  the  corium.  They  are 
distinguishable  from  the  hair-germs  by  the  fact  that  the  cells  of  the 
outermost  layer  are  not  columnar  in  shape,  but  spheroidal  or  poly- 
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hedral.  The  sweat-gland  germs  which  are  thus  formed  become 
eventually  coiled  up  at  their  extremities  and  converted  into  hollow 
tubes.  The  muscular  fibres  of  the  tubes  as  well  as  the  secreting 
epithelium  cells  are  ectodermic  structures. 

The  sweat-glands  receive  nerve-fibres,  and  each  gland  has  a  special 
cluster  of  capillary  blood-vessels. 


RwtJibEnthoI' 


I  The  mammary  glands  are  compound  racemose  glands  which  open 

W  by    numerous   ducts   upon    the   apex  of  the   nipple.     The  ducts  are 

dilated   into   small   reservoirs    just    before   reaching   the    nipple.      If 

traced  backwards,  they  are  found  to  commence  in  groups  of  saccular 

alveoli  (fig.  298),     The  walls  of  the  ducts  and  alveoli  are  formed  <rf 


Fio.  297.— Sbotton 
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MAMMAEY  GLANDS.  S49 

probably  emigrated  leucocytes  aimilar  to  the  salivary  corpuscles 
of  saliva  but  some  have  been  looked  upon  as  epithelium-cells  or 
portions  of  epithelium  cells  which  have  become  detached  from  the 
general  lining  of  the  alveoli 


Development. — The  mammary  glands  are  developed  in  the  same 
manner  as  the  sweat-glands,  excepting  that  the  secreting  part  does  not 
become  convoluted  and  tubular.  In  the  virgin  mamma  they  show 
very  few  and  small  groups  of  alveoli,  but  as  pregnancy  advances 
the  gland  ducta  bud  out  extensively,  and  many  more  alveoli  are  formed 
and  undergo  enlargement,  until  the  greater  part  of  the  connective  tissue 
in  the  mammary  region  is  permeated  by  them.  In  sections  of  the 
glaud  they  may  be  seen  in  various  stages  of  development  (figs,  299, 
301).     After  lactation  is  over  they  undergo  a  process  of  retrogression. 
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LESSON    XXVI. 

STRUCTURE  OF  THE  HEART 

1.  In  sections  through  the  wall  of  the  auricle  note  the  relative  thickness  of 
the  epicardium,  myocardium,  and  endocardium.  Observe  the  blood-vessels 
and  nerve-fibres  under  the  epicardium,  often  embedded  in  fat ;  here  and 
there  a  ganjjflion  may  be  seen  under  this  membrane.  Notice  also  the  elastic 
networks  under  both  the  pericardium  and  endocardium.  Make  a  general 
sketch  from  this  section. 

2.  In  sections  through  the  wall  of  the  ventricle  the  same  points  are  to  be 
noticed.  The  muscular  fibres  are  variously  cut.  In  those  which  are  cut 
longitudinally,  the  branching  of  the  fibres  and  their  union  both  laterally 
and  by  their  branches  may  be  seen.  Notice  also  that  although  the  fibres 
are  cross-striated  this  is  less  distinct  than  in  voluntary  muscle,  and  that  the 
nuclei  lie  near  the  centre  of  each  fibre.  Transverse  markings  may  also  be 
seen  passing  across  the  fibres  between  the  nuclei ;  this  is  usually  taken  as 
indicating  a  division  into  cells.  The  endocardium  is  very  thin,  especially 
over  the  columnae  carnese. 

3.  Section  through  one  of  the  valves  of  the  heart.^ 

4.  If  a  portion  of  endocardium  of  the  sheep's  heart  is  spread  out  on  a  slide 
and  examined  in  salt  solution,  a  network  of  large  beaded  fibres  may  be  seen 
with  a  low  power  or  even  with  a  lens ;  they  are  also  well  seen  in  sections. 
These  are  the  fibres  of  Purkinje  ;  they  are  formed  of  large,  square-looking 
cells,  usually  containing  two  nuclei,  and  having  striated  muscular  substance 
at  their  periphery.     The  fibres  of  Purkinje  may  also  be  seen  in  sections. 

5.  The  lymphatics  of  the  heart  may  be  injected  with  Berlin  blue  by 
sticking  the  nozzle  of  the  injecting  syringe  into  the  muscular  substance,  in 
the  interstices  of  which  the  lymphatics  arise.  These  commencing  lymphatics 
lead  to  efferent  vessels  which  pass  under  the  epicardium  towards  the  base 
of  the  heart. 

6.  The  epithelium  which  covers  the  epicardiara,  and  that  which  lines  the 
endocardium,  may  be  studied  in  preparations  of  the  fresh  organ  which  have 
been  well  rinsed  with  distilled  water ;  then  treated  with  nitrate  of  silver, 
again  rinsed,  and  subsequently  exposed  to  the  light  and  hardened  in  alcohol. 
Surface  sections  are  to  be  made  and  mounted  in  xylol  balsam  or  dammar. 


The  muscular  tissue  of  the  heart  {myocardium)  forms  the  main 
thickness  of  the  ventricles  and  also  of  parts  of  the  auricles.  It  is 
composed  of  a  network  of  fibres  which  are  formed  of  uninucleated 
transversely  striated  cells,  the  structure  of  which  has  already  been 
studied  (Lesson  XVII.  p.  124). 

^  The  appearances  which  are  to  be  studied  in  sections  1,  2,  and  3  can  all  be 
obtained  in  one  preparation,  viz.  a  vertical  section  includinK  a  portion  of  auricle 
and  ventricle  and  a  flap  of  the  intervening  auriculo-ventricuUir  valve. 
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In  the  interaciceK  of  the  muscular  bundles  there  is  a  little  areolar 

tissue   in    which   run    the   very   numerous   blood-capillaries   and    the 

r  lymphat 
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The  myocardium  is  covered  externally  by  a  layer  of  serouB  mem- 
brane— the  epkardium  (cardiac  pericardium  fig.  303,  A) — composed, 
like  other  serous  membranes,  of  connective  tissue  and  elastic  fibres, 
the  latter  being  most  numerous  in  its  deeper  parts.  Underneath  the 
epicardium  run  the  blood-vesaela,  nerves,  and  lymphatic  vessels  of  the 
heart  embedded  in  areolar  and  adipose  tissue,  this  tissue  being  con- 
tinuous with  that  which  lies  between  the  muscular  bundles ;  the  free 
surface  of  the  membrane  is  covered  by  serous  epithelium. 

The  endocardium  (tig.  303,  B)  has  a.  structure  not  very  unlike  the 
pericardium.  It  is  lined  by  a  pavement-epithelium  (endothelium), 
like  that  of  a  serous  membrane,  and  consists  of  connective  tissue  with 
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elastic  fibres  in  its  deeper  part,  between  which  there  may,  in  some 
parts,  be  found  a  few  plain  muscular  fibres.  Fat  is  sometimes  met  with 
under  the  endocardiiim. 

In  some  animals,  e.g.  the  sheep  and  ox,  large  beaded  fibres  are 
found  under  the  endocardium.  These  are  formed  of  clear  cells  joined 
both  end  to  end  and  laterally,  and  generally  containing  in  their  centre 
two  nuclei,  whilst  the  peripheral  part  of  the  cell  is  formed  of  cross- 
striated  muscular  tissue ;  the  chains  of  cells  form  the  fibres  of  Purkinje 
(fig.  304).  They  appear  to  be  cardiac  cells  which  have  undei^one 
differentiation  into  striated  muscle  substance  only  at  their  periphery, 
the  non-diflerentiated  part  of  the  cell  having  continued  to  grow  until  it 
has  attained  a  considerable  size.  In  man  distinct  fibres  of  Purkinje 
are  not  seen,  but  the  innermost  muscular  fibres  of  the  ventricles  are 
larger  than  those  which  lie  more  externally ;  they  also  undergo 
development  somewhat  later  (J,  B.  MacCallum). 

A  muscular  bundle  which  shows  less  differentiation  than  the  rest  of  the 
cai-diac  muscle  has  been  described  by  Stanley  Kent,  His  and  others,  running 
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in  the  septum  and  affording  a  bridging  connexion  between  the  muscle  of  the 
auricles  and  that  of  *the  ventricles.  This  bundle  is  commonly  believed  to 
serve  to  propagate  the  contractions  of  the  auricles  to  the  ventricles  and  thus 
to  maintEiin  their  regularity  of  rhythm  ;  and  it  is  stated  that  when  the 
bundle  in  question  is  severed  experimentally  or  by  disease  this  propagation 
is  no  longer  possible,  and  the  ventricles  in  consequence  beat  with  a  much 
slower  rhythm  than  the  auricles.  The  accuracy  of  this  statement  is,  however, 
denied  by  Kronecker,  who  regards  the  regularity  of  the  cardiac  contractions 
as  a  function,  not  of  the  muscular  substance  of  the  heart,  but  of  the  nerve- 
fibres,  which  are  distributed  to  every  part  of  the  myocardium. 

The  valves  of  the  heart  are  formed  of  folds  of  endocardium 
strengthened  by  fibrous  tissue  (^g.  303,  c).  This  tissue  forms  a  thicken- 
ing near  the  free  edge  of  the  valve  (c').  At  the  base  of  the  auriculo- 
ventricular  valves  the  muscular  tissue  of  the  auricle  may  be  found 
passing  a  short  distance  into  the  valve.  In  the  foetus  these  valves  are 
at  first  entirely  muscular. 

The  nerves  of  the  heart  are  seen  in  sections  underneath  the  epi- 
cardium  of  both  auricles  and  ventricles ;  in  the  former  situation  they 
are  connected  at  intervals  with  small  ganglia  (fig.  303,  A,  g).  Their 
branches  pass  to  the  muscular  substance,  and  after  dividing  into  fine 
fibrils,  these  end  in  enlarged  extremities,  which  are  applied  directly  to 
the  muscular  fibres  (Ranvier).  Other  nerve-fibres,  which  are  probably 
afferent,  terminate  in  complex  ramifications  in  the  endocardium  in 
connection  with  small  masses  of  nucleated  cells,  forming  a  kind  of  end- 
plate  (Smirnow). 

The  blood-vessels  of  the  heart  are  very  numerous,  and  the  veins  thin- 
walled,  retaining  the  capillary  structure  (endothelium  only)  in  vessels 
of  as  much  as  0-25  mm.  in  diameter.  They  are  accompanied  by 
numerous  lymphatic  vessels,  which  also  form  plexuses  under  the  cardiac 
pericardium  and  endocardium.  The  lymphatics  appear  to  be  in  free 
communication  with  the  spaces  of  the  interstitial  connective  tissue 
between  the  muscle-fibres. 


254  THE  ESSENTIALS  OF  HISTOLOGY 


LESSON    XXVII. 

THE  TRACHEA   AND  LUNGS. 

1.  In  sections  of  the  trachea  and  larynx,  notice  the  epithelium,  the  basement- 
membrane  (of  some  thickness  in  the  human  trachea),  the  lymphoid  tissue  of 
the  mucous  membrane,  the  elastic  tissue  external  to  this,  and,  lastly,  the 
fibrous  membrane  containing  the  cartilages.  In  the  mucous  membrane  and 
submucous  areolar  tissue  look  for  sections  of  mucous  glands,  ducts  of  which 
may  be  seen  opening  on  the  surface.  At  the  back  of  the  trachea  notice  the 
plain  muscular  fibres  transversely  arranged  ;  there  may  be  larger  mucous 
glands  external  to  these. 

2.  In  sections  of  lung  notice  the  sections  of  the  alveoli  collected  into  groups 
(air-sacs).  "Find  sections  of  bronchial  tubes,  some  cut  longitudinally  and 
passing  at  their  extremities  into  the  alveolar  passages,  others  cut  across.  In 
each  tube  notice  the  ciliated  epithelium  internally.  Next  to  this  the  mucous 
membrane  containing  numerous  elastic  fibres  and  often  thrown  into  folds  ; 
then  the  layer  of  circular  muscular  fibres,  and,  outside  this,  loose  fibrous 
tissue  in  which  in  larger  bronchial  tubes  pieces  of  cartilage  may  be  seen 
embedded.  Small  mucous  glands  may  also  be  observed  in  the  fibrous  tissue 
sending  their  ducts  through  the  other  layers  to  open  on  the  inner  surface. 
Notice  that  the  section  of  a  branch  of  the  pulmonary  artery  always  accom- 
panies a  section  of  a  bronchial  tube. 

In  the  sections  of  the  alveoli  observe  the  capillary  vessels  passing  from  one 
side  to  the  other  of  the  intervening  septa ;  and  in  places  where  the  thin  wall 
of  an  alveolus  is  to  be  seen  in  the  section,  the  network  of  blood-capillaries 
upon  it.  Notice  within  the  alveoli  nucleated  corpuscles  which  frequently 
contain  dark  particles  in  their  protoplasm.  They  are  amoeboid  cells  which 
have  migrated  from  the  blood-vessels  and  lymphatics,  and  have  taken  in 
inhaled  particles  of  carbon.  They  may  pass  back  into  the  lung  tissue,  for 
similar  cells  are  seen  in  this.  Make  a  sketch  of  part  of  the  wall  of  one 
or  more  bronchial  tubes  and  of  one  or  two  of  the  alveoli. 

3.  In  sections  of  a  fresh  lung  the  air-cells  of  which  have  been  filled  with  a 
mixture  of  gelatine  and  nitrate  of  silver  solution,  the  epithelium  of  the  alveoli 
may  be  studied.  The  sections  can  be  made  with  the  freezing  microtome,  and 
mounted  in  glycerine,  which  should  be  warmed  after  the  cover-glass  is  applied 
in  order  to  melt  the  gelatine. 

4.  Mount  a  section  of  lung  in  which  the  pulmonary  vessels  have  been 
injected.  Study  the  general  arrangement  of  the  vessels  with  a  low  power, 
and  the  network  of  capillaries  of  the  alveoli  with  a  high  power.  Observe 
that  the  veins  run  apart  from  the  arteries.  Sketch  the  capillary  network  of 
one  or  two  adjoining  alveoli. 


The  Trachea. 


The  trachea  or  windpipe  is  a  fibrous  and  muscular  tube,  the  wall 
of  which  is  rendered  somewhat  rigid  by  C-shaped  hoops  of  cartilage 
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I'  which  are  embedded  in  the  fibrous  tissue.     The  muscular  tissue,  which 
L  ifl  of  the  plain  variety,  forms  a  flat  band,  the  fibres  of  which  ran  trans- 
versely at  the  back  of  the  tube.     The  trachea  is  lined  by  a  m-uctms 
memhrane  (fig.  305,  a  to  d),  which   has  ciliated  epithelium  upon  its 
inner  surface.    The  epithelium-cells,  which  have  been  abeady  described 
I   (Lesson  VIIL),  rest  upon  a  thick  basement-menibrane.     The  corium  of 
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the  mucous  membrane  consists  of  areolar  and  lymphoid  tissue,  and 
contains  numerous  blood-vessels  and  lymphatics.  In  its  deepest  part 
well-marked  layer  of  longitudinal  elastic  fibres  {d).  Many  small 
gland.B — mucous  and  mixed  mucous  and  serous— are  found  in  the  wal! 
of  the  trachea.  They  may  lie  either  within  the  mucous  membrane  or 
in  the  submucous  areolar  tissue  (e)  or,  lastly,  at  the  hack  of  the 
trachea,  outside  the  transverse  muscular  fibres. 

The  two  divisions  of  the  trachea,  the  honclii,  are  precisely  similar  in 
structure  to  the  main  lube. 


266  THE  ESSENTIALS  OP  HISTOLOGY. 

The  larynx  ia  also  very  like  the  trachea  ao  far  as  the  atructure  of 
the  mucous  membrane  is  concerned.  It  is  lined  by  ciliated  epithelium, 
but  over  the  true  vocal  cords  and  upon  the  epiglottis,  as  well  as  here 
and  there  in  the  part  above  the  glottis,  stratified  epithelium  is  found ; 
and  taste-buds  may  occur  in  this  epithelium,  except  over  the  vocal 
cords.  The  nerveendings  in  the  epithelium  are  shown  in  fig.  218, 
p.  176. 

The  lymphoid  tissue  is  especially  abundant  in  the  mucous  membrane 
of  the  ventricle  of  Moi^agni  (fig.  306,  d),  and  a  large  number  of  mucous 
glands  open  into  this  cavity  and  into  that  of  the  sacculus. 
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The  true  vocal  cords  are  composed  of  fine  elastic  tibrea. 

The  cartilages  of  the  trachea  and  the  thyroid,  cricoid  and  arytenoid 
cartilages  of  the  larynx  are  hyaline ;  all  these  are  liable  to  ossify  as 
age  advances.  The  epiglottis  and  the  cartilages  of  Santorini  and  of 
Wrisberg  are  composed  of  elastic  libro-cartilage.  This  is  also 
the  case  with  the  uppermost  part  of  the  arytenoid  and  the  tip  of  the 
vocal  process. 

The  Lungs, 

The  lungs  are  formed  by  the  ramifications  of  the  bronchial  tubes  and 
their  terminal  expansions,  which  form  groups  or  lobules  of  sacculated 
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dilatations  (air  sacs,  infundihida},  beset  everywhere  with  small  irregu 
larlj  hemiBphencal  or  cubical  bulginga,  known  as  the  aw  ceils  or 
pulmonmii  ohfiih 

Thf   bronchial   tubes    (figs.   307,    308,   309)    are  lin  d  (e\cept  the 
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terminal  bronchi)  by  ciliated  epithelium  which  reatB  or 

membrane.     External  to  this  ie  the  corium  of  the  mucous  membrane, 

containing  a   large   number    of  longitudinal    elaatie  fibres    and    some 


Fin,  303.— Sect 


nd  sir-sac  (cut  aw«y).    Tht  irregiilur 


lymphoid  tissue.  Outside  this  again  is  a  complete  layer  of  plain 
muscular  fibres  encircling  the  tube.  Next  comes  a  loose  fibrous  layer 
ill  which,  in  the  larger  tubes  (fig,  307),  small  plates  of  cartilage 
are  embedded.     Mucous  glands  are  also  present  in  this  tissue. 
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The  eztremitieH  of  the  bronchial  tuhes  expand  into  passages,  the 
respiratm/  bronchioles,  which  give  off  branches,  termed  alveolar  duds  or 
terminal  bronchioles.  The  walls  of  these  are  beset  with  alveoli.  The 
terminal  bronchioles  lead  through  nearly  spherical  alveolated  dilata- 
tions (the   airia)  into  a    number   of  blind   and   often  funnel-shaped 


PlO,    311.— SKCnON  OF  c. 

(W.  9.  Miller.) 

tory  bronchlQle*:  B,  smalibroiichHS. 

diverticula  completely  covered  with  alveoli ;  these  are  known  as  the 
infundibula,  alveolar  sacs  or  air-sacs  (Waters).  The  arrangement  of 
these  parts,  according  to  the  investigations  of  W.  S.  Miller,  is  as 
follows ; — Two  or  more  air-sacs,  or  groups  of  alveoli,  open  into  a 
common  chamber  (atrium),  and  three  to  six  atria  into  an  alveolar  duct 
or  termiiuil  brcmchioh.  The  latter  open  into  the  respiratory  bronchioles, 
which  are  expanded  continuations  of  the  smallest  bronchi.  All  of 
these,  except  the  last  named,  are  beset  with  alveoli. 

The  epithelium  changes  in  character  in  the  alveolar  ducts ;   from 
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Fro.    312.— DiAOKAH  OF  THE   ENDING   OF   A   BHONOHIAL  TDBE.       (W.   S.   HilUl-.) 

B.  tenulnaL  bronchiole :  V,  lestibulo ;  A,  atrium:   S,  air-iacdnfmidlbulum);  C,   air-cell 
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columnar  and  ciliated  it  becomes  cubical  and  non-ciliated,  and  there 
are  patches  of  the  respiratory  epithelium  (see  below)  not  only  in  the 
alveoli  which  beset  the  diicte,  but  also  elsewhere  in  their  wall.  The 
plain  muscular  tissue  of  the  bronchiole  is  continued  on  the  walls  of 
the  alveolar  ducts,  but  not  on  those  of  the  atria,  althougb  some 
occurs  round  the  mouths  of  the  atria  and  even  of  the  alveoli. 

The  alveoli  are  lined  by  large  irregular  flattened  cells  (fig,  313), 
which  form  an  extremely  delicate  layer  (respiratory  epithelium), 
separating  the  blood -capiDaries  from  the  air  within  the  alveoli. 
Amongst  the  fiattened  cells  are  here  and  there  groups  of  smaller  and 
thicker  (cubical)  epithelium-cells.     The  capillary  network  of  the  alveoli 


is  very  close  (fig.  3H),  and  the  capdiary  vessels  of  adjoining  alveoli  are 
in  complete  continuity,  the  vessels  passing  first  to  one  side  and  then 
to  the  other  of  the  septa  which  separate  the  adjacent  alveoli-  Outside 
the  epithelium  a  thin  layer  of  connective  tissue  (basement  membrane  t) 
a  the  wail  of  each  alveolus.  Elastic  fibres  are  numerous  around 
the  mouths  of  the  alveoli,  and  a  certain  number  course  over  the  wall 
of  each  alveolus. 

Blood-vessels. — Branches  of  the  pulmonary  artery  accompany  the 
brondiial  tubes  to  be  distributed  to  the  capillary  networks  upon  the 
alveoli,  from  which  the  blood  is  returned  by  the  pulmonary  veins. 
An  arteriole  runs  witb  each  terminal  bronchiole,  and,  dividing  into  as 
many  branches  as  there  are  atria,  is  distributed  to  the  capillary  net- 
worka  of  all  the  air-cells  with  which   the  bronchiole   is  connected 
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(Miller).  From  these  networks  one  or  two  venules  collect  the  blood, 
usually  coursing  (independently  of  the  arteriole)  on  the  outer  border 
of  the  group  of  infundibula,  and  unite  with  other  venules  to  form 
efferent  veins.  The  venules  of  the  superficial  lobules  are  connected 
with  a  vascular  network  at  the  surface  of  the  lung  underneath  the 
pleura.  The  veins,  pursuing  a  separate  course  through  the  tissue  of 
the  lung,  join  with  others  to  form  larger  vessels  which  pass  to  the 
root  of  the  lung.  Branches  from  the  bronchial  arteries  are  distributed 
to  the  walls  of  the  bronchial  tubes,  and  to  the  connective  tissue  of  the 
lung.  Bronchial  veins  accompany  the  bronchial  arteries  to  the  larger 
tubes,  but  most  of  the  blood  brought  to  the  lungs  by  the  bronchial 
arteries  is  returned  by  the  pulmonary  veins.  Connective  tissue 
intervenes  everywhere  in  small  quantity  between  the  infundibula 
(interstitial  tissue),  and  forms  a  distinct  layer,  containing  much 
elastic  tissue,  covering  the  surface  of  the  lung  underneath  the  serous 
membrane  (subserous  tissue).  In  some  animals  {e.g.  guinea-pig)  the 
subserous  layer  contains  plain  muscular  tissue,  which  is  especially 
developed  near  the  lung-apex;   it  has  not  been  detected  in  man. 

The  Isrmphatics  of  the  lung  accompany  the  bronchial  tubes,  the 
branches  of  the  pulmonary  artery,  and  the  branches  of  the  pulmonary 
vein ;  and  they  also  form  a  network  in  the  pleura.  The  atria  and 
air-sacs  have  no  lymphatics  in  their  walls  (Miller).  The  bronchial 
lymphatics  are  less  superficial  than  the  corresponding  blood-vessels. 
The  larger  tubes  have  two  plexuses,  one  within  the  other  outside  the 
cartilages.  The  smaller  have  only  one  set.  The  lymphatics  of  the 
bronchi  are  connected  with  those  of  the  arteries  and  veins  by  lateral 
branches  curving  off*  at  the  divarications  of  the  tubes ;  at  these  points 
there  is  usually  an  accumulation  of  lymphoid  tissue.  The  larger 
arteries  and  veins  have  two  accompanying  lymphatics,  the  smaller  only 
one.  All  the  lymphatics  tend  towards  the  hilus,  and  enter  lymphatic 
glands  at  the  root  of  the  lung.  Those  in  the  pleura  have  been  said  to 
communicate,  by  means  of  stomata  between  the  epithelial  cells  of  the 
serous  membrane,  with  the  cavity  of  the  pleura,  but  this  connexion  is 
denied  by  Miller.  The  lymphatics  of  the  pleura  are  furnished  with 
numerous  valves. 

The  pleura,  which  covers  the  surface  of  the  lung,  has  the  usual 
structure  of  a  serous  membrane.  It  is  provided  with  a  special  net- 
work of  blood-vessels,  which  is  supplied  from  the  pulmonary  vessels  of 
the  superficial  lobules. 
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LESSOX    XXVIII. 


STRUCTURE  AND  DEVELOPMENT  OF  TSE  TEETH, 


-  1.  Stddt  firat  with  the  low  power  and  afterwards  with  the  high  power  a 
longitudinal  aectiou  of  a.  liiiman.  tooth  which  haa  been  prepared  liy  grinding. 
It  la  batter  to  nurchaae  this  specimen,  for  the  process  of  preparation  la 
difficult  and  tedious  without  the  aid  of  special  apparatna.  Esaraine  care- 
fully the  titiamel,  the  dentine,  and  the  cement.  The  dark  appearance  of  the 
dentinal  tubules  is  due  to  their  containing  air  in  the  dried  apenimen. 
Measure  the  diameter  of  the  enamel  prisma  and  of  some  of  the  dentinal 
tubules.    Make  sketches  from  each  of  the  tissues. 

2.  Section  of  a  tooth  in  situ,  which  haa  been  decalcified  after  fixation,  and 
atained.  In  thia  aectiou  the  mode  of  implantation  of  a  tooth,  as  well  as  the 
structure  of  the  pulp,  caii  be  made  out.  Make  a  general  aketeh  under  a  low 
power,  and  under  a  high  power  draw  a  small  piece  of  the  pnlp  showing  the 
proneaseH  of  the  odontoblasts  extending  into  the  dentinal  tubules. 

3.  The  development  of  the  teeth  and  the  formation  of  their  tissuea  are 
studied  in  aections  made  across  the  snout  and  lower  jaw  of  ftetal  and  young 
animals.  The  preparations  may  be  stained  in  bulk  or  the  individual  sections 
may  be  stained. 


TiiE  Teeth. 


amel,  which 
■  crusta  petro. 


A  tooth  consists  in  man  of  three  calcified  tiaaues  ;  i 
ia  of  epithelial  origin,  the  dentine,  atid  tha  cement   i 
The  dentine  forma  the  main  substance  of  a  tooth,  the  enamel  covers    I 
he  crown,  and  the  cement  is  a  layer  of  bone  which  invests  the  root 
figs.  315  to  317). 

Enamel  is  formed  of  elongated  hexagonal  prisms  (figs,  318,  319), 
which  are  set  vertically,  or  with  a  slight  curvature,  upon  the  surface 
of  the  dentine.  They  are  marked  at  tolerably  regular  intervals  with 
slight  transverse  shadings  producing  an  Indistinct  cross-atriated  appear- 
.  Sometimes  coloured  lines  run  through  the  enamel  across  the 
direction  of  its  prisma.  The  enamel  prisma  have  when  first  kid  down 
a  fibrous  structure,  but  this  becomes  obscured  after  their  calcification 
is  complete,  C.  Tnmes  has  shown  that  the  enamel  of  the  fully-formed 
tooth  contains  only  an  extremely  minute  proportion  of  animal  matter  ; 
practically  it  is  wholly  composed  of  earthy  matter  (lime  salts). 

Dentine  is  constituted  of  a  hard  dense  substance  like   bone,  but 

'   containing  no  Havei-sian  canals  or  lacunse.     It  is  pierced  everywhere 

by  fine  canaliculi  {dentinal  lubuks,  fig.  320),  radiating  outwards  from  » 
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oeiitral  cavity  which,  during  life,  containa  the  pulp.  The  tubulee  branch 
al  acute  angles  as  they  pass  otitwards  ;  their  branches  become  gradually 
finer  towards  the  periphery  of  the  dentine.  The  dentinal  tubules  are 
occupied  by  processes  of  the  odontoblasts  (p.  2RP). 


The  tubules  have  a  proper  wall  of  their  own,  which  can  be  iaolated 
by  steeping  a  section  of  tooth  in  strong  hydrochloric  acid.  In  the 
living  tooth  they  are  occupied  by  protoplasmic  fibres  (Tomes'  fibres), 
which  are  prolonged  from  the  superficial  eella  of  the  pulp. 

The  intertubular  substance  appears  for  the  most  part  homogeneous, 


H  here  and  there  indications  can  be  seen  in  it  of  a  globular  forma- 
t>ii.  This  is  especially  the  case  near  the  surface  of  the  dentine, 
here  the  globular  deposit  and  the  interglobular  spaces  may  produce 


^_-^;«^ 
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a  granular  appearance  (granular  laynr,  fig.  317,  g),  and  also  in  the 
course  of  certain  lines  or  clefts  which  are  seen  traversing  the  dentine 
across  the  direction  of^the  tubules  {interglobular  spojxsy  ina-emenlnl  I'mfs, 


Fig.  317.-CBOBa. 


^1  fig.    315,   shown    magnified   in    fig.    322).      After  decalcification   the 

^B  dentine  can  be  separated  into  lamella  along  these  incremental  tines. 

^M  The  animal  matter  of  dentine  resembles  bono  and  the  connective 

H  tissues  generally  in  having  its  ground-substance  pervaded  by  fibres 

^^  which  yield   gelatine  on    boiling.      These   fibres,   which   have  been 
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eBpecially  investigated  by  v.  Ebner  aiid  by  Mummery,  are  difficult  of 
demonstration  in  the  fully  calcified  dentine ;  but  in  developing 
dentine  and  in  dentine  wbich  is  attacked  by  caries  they  are  more 
easily  shown. 


Fla.  319.— Gnaksl  pubhb.    UKgaiSed  350  diunaten.    (Kollikec.) 
L,  FngiaiiDUBucI  ain^e  flbni  at  tlie  gnaiuel.  iwilstsd  b;  the  utIUD  ol  hvdriKhlurlc 
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The  pulp  (fig.  323)  consists  of  a  soft,  somewhat  jelly-like,  connectiTe 
tisBue,  containing  many  branched  cells,  a  network  of  blood-vessels,  and 
many  nerve-fibres  which  pass  into  the  pulp-cavity  along  with  the  blood- 
vessels by  a  minute  canal  at  the  apex  of  the  fang.     The  superficial 


FiQ-  320. 

Fio.  322. 

FIG.320.-SECTIONO 

sod  diametera.     CWaldeyer.} 

'■■•""'• -""ss 

Fio.  321.— Sbctions 

(Fraeiickel.) 

n,  cutscroM;  ft,  cut  obliquely. 

Fig.    322.— a   bhali 
c.  portton  of  incremfnli 

Magnified  360  diametera.     (Kolliker.  | 
1  line  romied  bj  the  intcrglobuLsr  spsce.,  which  are  here  flUed 

colls  of  the  pulp  form  an  almost  continuous  layer,  like  an  epithelium 
(tig.  323,  0(1,  Od').  They  are  known  as  odontoblasts,  from  having  been 
concerned  in  the  formation  of  the  dentine.  The  nerve-fibres  are  said 
to  pass  eventually  between  the  odontoblasts  and  to  end  in  arborisa- 


Formation  of  tlie  teeth. — The  teeth  are  developed  somewhat  similarly 
to  the  hairs.  A  continuous  thickening  of  the  epithelium  occurs  along  the 
line  of  the  gums,  and  grows  into  the  corium  of  the  mucous  membrane 
(common  tiemtal  germ  or  dmial  lamina,  fig.  324,  a).  At  regular  intervals 
there  is  yet  a  further  thickening  and  growth  from  the  common  germ 
into  the  tissue  of  the  mucous  membrane,  each  of  these  special  rudi- 
mentB,  which  are  ten  in  number,  swelling  out  below  into  a  flask-shaped 
mass  of  cells,  the  special  denial  germ  (fig.  334,  b)  of  a  milk  tooth.  The 
intermediate  parts  of  the  dental  lamina  long  remain,  forming  a  common 
epithelial  strand  uniting  the  several  special  dental  germs  to  one  another 
'and  to  the  epithehum  covering  the  gum  {fig.  324,  c,  d,/).  A  vascular 
papilla  is  continued  from  the  corium  into  the  bottom  of  each  special 
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germ  (fig,  321,  C,  D,  ^) ;  this  papilla  lias  the  shape  of  the  crown  of  the 
future  tooth.     Each  apecJal  dental  genu,  with  its  included   papilla, 


A.   SKOnON  ACBOSe  THE  UPPER  JAW  OF  A  WKTAL  BHEE 

(Waldeyer.) 
J,  cunimon  dentu,!  iHrnina  dipping  down  into  the  mucous  nienib™ne  where  it  In  h»l(  Bur- 


K.SHAPICD.     (Rose.) 

a,  epithelium  of  mouth,  thickened  a.t  i>,  above  Bpecial  dental  germ;  c,  piipiUa;  d,  epecisl 
dental  germ  ;  (,  enamel  epithelium  ;  /,  denUl  sac. 

C  ABD  D.    SbOTIONS  at  LATBIl  STAOSS  THAN  A  AND  B,   THE   PAPILLA   HAVINO 


Colliker.) 

:  i'.  projectione  into  the  cortum ;  p,  papilla ;  i,  dents 
J  germ  (_$)  or  the  correnpondiDg  permanent  tooth  ia  te 
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presently  becomes  almost  entirely  cut  ofl'  from  the  epithelimn  of  the 
mouth,  and  surrounded  by  a  vascular  membrane — the  denial  sac. 
The  papilla  becomes  transformed  into  the  dentine  and  pulp  of  the 
future  tooth,  and  the  enamel  is  deposited  upon  its  surface  by  the 
epithelial  cells  of  the  dental  germ.  The  root  of  the  tooth,  with  its 
covering  of  cement,  is  formed  at  a  later  period,  when  the  tooth  is 
beginning  to  grow  up  through  the  gum,  by  a  gradual  elongation  of  the 
base  of  the  papilla.     The  shaping  of  this  into  the  form  of  the  root  is 


%-Sl^^^Ssfi 


determined  by  a  growth  of  the  epithelium  of  the  edge  of  the  enamel 
genu,  which  extends  in  the  form  of  a  fold  {the  efpithelial  sheaik  of 
T,  Brunn)  towards  the  future  apex  of  each  fang. 

Previously  to  the  deposition  of  the  enamel,  the  dental  germ  under- 
goes a  peculiar  transformation  of  its  previously  polyhedral  epithelium- 
Cells  into  three  layers  of  modified  cells.  One  of  these  is  a  layer  of 
Jumnar  cells  {amelohMs,  fig.  326,  a),  immediately  covering  the  surface 
'  the  dentine.  The  enamel-piisms  are  pi'oduced  by  a  fibrous  forma- 
tion (fig.  337,/)  followed  by  a  deposition  of  calcareous  salts;  these 
.changes  taking  place  altogether  external  to  the  cells  (or,  as  some  hold, 
by  a  direct  calcification  of  their  protoplasm).  The  cells  nest  to  the 
dental  sac  form  a  single  layer  of  cubical  epitbohum  (fig.  325,  e),  and 
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nearly  all  the  other  cells  of  the  dentul  germ  become  transformed  into 
bran  hing  corpuscles  (fig  3''5  bJ  fig  3  6  p)  communicating  b} 
their  processes  and  thus  forming  a  continuous  network  The  dental 
germ  after  it  la  thus  modified  is  known  as  the  mamd  organ 

Ihe  /  ihne  of  the  tooth  is  lomied  by  calcifacation  of  the  surface  of 
the  papilla.  At  this  surface  there  is  a  well  marked  layer  of  odotito 
blasts  (fig  3'8  ffli  fig  3 '9  )  and  these  produce  a  layer  of  dentinal 
matriY  which  forms  a  sort  of  cap  to   the    papilla    and    which   soon 


P^^^ 


Fi«.  320.— Section-  sho 

d,  dmtUw^  t,  &owly  foriae 

bmiidied  calla  of  fliiam 

Fia.  327.— Dbvklopibh  e 


becomes  calcified  by  the  deposition  of  globules  of  calcareous  matter. 
Processes  of  the  odontoblasts  remain  in  the  dentine  as  it  is  forming, 
and  thus  the  dentinal  tubules  are  produced.  Subsequently  other  layers 
of  dentine  are  formed  within  the  first  by  a  repetition  of  the  same 
process,  and  in  this  way  the  papilla  gradually  becomes  calcified.  A 
part,  however,  remains  unaltered  in  the  centre  of  the  tooth,  and  with 
its  covering  of  odontoblasts  forms  the  pulp. 

The  ten  milk-teeth  are  formed  in  each  jaw  in  the  manner  described. 
These,  however,  become  lost  within  a  few  years  after  birth,  and  are 
replaced  by  permanent  teeth  in  much  the  same  way  chat  a  new  succes- 
sion of  hair  oceura.     A  small  outgrowth  takes  place  at  an  early  period 
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^■from  the  dental  germ 

close  to  each  of  the 

milk-teeth  {6b.  324,  d,  fp).        ^^M 

■  and  this  eventually  becomes  the  germ  of  the  corresponding  permanent        ^^^| 

■  tooth       It  gradually  enlarges,   acquires  a 

papilla,   forms  an    enamel        ^^^| 

P 

N 

^F     Fio.  328.— Sbctios  op 

Leon  WilU»m».) 

OTH.     (From  Bi  photogTBph  bj                  ^^^^^ 

■               branohad  cell,  of  tbi 
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Wm         ^^^1 
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W'         ^H 

^^l!r329.-PABT  i>F  ai 

DEPOamOB  OF  IHS  DBHTINI 

L     Highly  ^g^fi^^™""'"*              ^^H 

^H      «,  outer  Ir; or  of  luUy  caldflsd  dEUttus ;  li.  iiacalclGec 
^B.             mlcareouB  lOBtlcr:  r,  oduntoblMtB  with  prweMM 
^P             pulp.    The  aentlob  being  stainod,  the  uncBlclflsd  . 
■              alcifiad  part. 

1  mutcix,  nttk  .  few  nodulei.  ol                 ^^H 
eitsndlng  Into  the  dentluo ;  d,                 ^^^M 
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organ :  in  short,  passes  through  the  same  phases  of  development  as 
the  germ  of  the  milk-tooth ;  and  when  the  milk-tooth  drops  out  of  the 
jaw  in  consequence  of  the  absorption  of  its  roots  (by  osteoclasts)  the 
permanent  tooth  grows  up  into  its  place. 

There  are  six  permanent  teeth  in  each  jaw  which  do  not  succeed 
milk-teeth ;  these  are  the  permanent  molars.  They  are  developed  from 
an  extension  backwards  on  each  side  of  the  jaw  of  the  original  epithelial 
thickening  or  common  dental  germ  and  by  the  downgrowth  from  this 
into  the  corium  of  three  successive  special  germs  at  comparatively  long 
intervals  of  time.  Within  these  the  tissues  of  the  permanent  molars 
become  formed  in  a  manner  exactly  similar  to  that  in  which  the 
milk-teeth  are  developed. 


THE  TONGUE. 


LESSON    XXIX. 

THE  TONGVE  AND  THE  GUSTATORY  ORGANS.  THE  MUCOUS 
MEMBRANE  OP  THE  MOUTH.  THE  PHARYNX  ANIi 
(ESOPHAGUS. 

1.  Sbctions  of  the  tongue  vertical  to  the  surface,  etained  with  htematoxyliii 
and  eoaiu.  The  sections  should  be  taken  from  different  parts  and  include  all 
three  kinds  of  papillae. 

2.  Sections  of  injected  tongue. 

3.  Sections  of  the  papilla  foliata  of  the  rabbit,  stained  with  hematoxylin 
and  eosin  to  show  the  taate-buds  in  git'o. 

The  cells  composing  the  taste-buds  are  studied  by  teasing  oamic  prepara- 
tioDB  of  the  papilla  foliata ;  the  nerve-endings  are  seen  in  aections  of  papillie 
foliat^G  which  have  been  treated  by  Golgi's  osmic- bichromate  silver  mettiod. 

A.  Sections  of  the  pharynx  and  of  the  cesophagua  etained  with  hceuia- 
tiOxylin  and  eosin. 

The  tongue  m  mainly  composed  of  striated  muscular  fibres,  running 
aome  longitudinally,  and  others  transversely.  It  is  covered  by  a  mucous 
membrane,  the  epithelium  of  which,  like  that  of  the  rest  of  the  mouth, 
18  thick  and  stratified,  and  conceals  microscopic  papiilm  (fig.  330)  like 
those  of  the  skin.  Besides  these,  the  upper  surface  of  the  organ  is 
covered  with  larger  papillfe,  which  give  it  a  rough  appearance.  These, 
which  are  termed  the  Ungual  pajiiUm,  are  of  three  kinds:  (1)  About 
twelve  or  thirteen  comparatively  large  circular  projections,  each  of 
which  is  surrounded  by  a  narrow  groove  (fossa),  external  to  which 
the  mucous  membrane  is  raised  above  the  general  level  (vallum) 
(fig.  331).  These  papillie  form  a  V-shaped  line  towards  the  back  of 
the  tongue ;  they  receive  filaments  of  the  glosao-pharyngeal  nerve, 
and  have  taste-buds  in  the  epithelium  which  covers  their  aides,  and 
in  that  of  the  side  of  the  vallum.  They  are  known  as  the  eircamvallale 
papillcE.  (2)  All  the  rest  of  the  papillary  surface  of  the  tongue  is 
covered  by  conical  papillce,  so  named  from  the  conical  pointed  cap  of 
epithelium  which  is  borne  by  each ;  sometimes  this  cap  is  fringed 
■with  fine  epithelial  filaments,  when  they  are  termed  filiform  (fig.  332). 
(3)  Scattered  here  and  there  amongst  the  conical  papillae  are  other 
larger  papillae,  the  fuwjiform  (fig.  333).  These  are  very  vascular,  and 
lie  partly  embedded  in  little  depressions  of  the  mucous  membrane. 

Small  tubular  glands  may  be  seen  between  the  superficial  muscular 
£bres  sending  their  ducts  to  the  surface.     Most  of  them  secrete  n 


I 


THE  ESSENTIALS  OF  HISTOIXXiY. 


papiilce, 


but  those  which  open  into  the  trenches  of  the  circumvallate  papiilce, 
and  a  few  others  elsewhere  yield  an  albuminous  secretion  (serous 
glaTtds,  i/landt  of  Elner) 


TIKIBD       KPi 

aKLlUM. 

Hg   331— Skotion  q¥   tmc  I  h vallate  papilla 

Thb     BLOOI 

PAPILLA    A\D    THK    AWQlNme     PiBT     OP     TBH 

(Totdt ) 

Valldh    (Magiiieed1-«liameteTs.)|H»t!imaDn) 
blood  geeselB     M  gland  wtth  du  L 

Fig.  333.— Skution 


THE  TASTE-BTJDS. 


The  mucous  membrane  at  the  back  of  the  tongue  containa  a  large 
amount  of  lymphoid  tissue. 

Taste-bade.— The  minute  gustatory  organs  which  are  known  as  iade- 
hiids  or  taste-bulbs  may  be  seen  in  sections  which  pass  through  the 
papillffi  vallate  or  the  papillae  fungiformea ;  they  are  also  present  here 
and  ttere  in  the  epithelium  of  the  general  mucous  membrane  of  the 


^ 


Fil!.    3.14.— TONGCK   OK     RAI 

FAFILLS    FOLIAT.K,    p. 

tongue,  especially  at  the  back  and  aides,  and  occur  also  upon  the  under 
surface  of  the  soft  palate,  and  on  the  epiglottis.  But  they  are  most 
easily  studied  in  the  papillie  foliatas  of  the  rabbit,  two  small  oval  areas 
lying  on  either  side  of  the  back  of  the  tongue  and  marked  transversely 
with  a  number  of  small  ridges  or  laminie  with  intervening  furrows  {see 


334).     Sections  across  the  ridges  show  numerous  taate-buds  em- 
tiedded  in  the  thick  epithelium  which  clothes  their  sides  (Ag.  335). 

The  taste-buds  are  ovoid  clusters  of  epithelinm-cells  which  lie  in 
^Qavibiea  in  the  stratified  epithelium  (Hg.  336).     The  base  of  the  taste- 
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bud  rests  upon  the  corium  of  the  mucous  membrane,  and  receives  a 
branch  of  the  glosao-pharyngeal  nerve ;  the  apex  is  narrow  and  com- 
Diunicates  with  the  cavity  of  the  mouth  by  a  small  pore  in  the  superficial 
epithelium  (gustaiory  pore,  fig.  336,^). 


Fig.  SST.-'V'ABioua  oblu  fbom  tabtb-bctd  or  rabbit.    (BngelmaDii.) 

600  dwmetera. 

a  Faur  guitatci7  osDs  from  oentnl  pui ;  b,  two  austontaoiiUr  cetlH,  ADd  one  guitAtoiT 

cell,  in  oouaectioD :  c,  tbree  siutsntaculu'  oella. 

The  cells  which  compose  the  taste-buds  are  of  two  kinds,  viz. :  1,  The 
gustatory  cells  {fig.  337,  a),  which  are  dehcate  fusiform  or  bipoUu*  cells 
composed  of  the  cell-body  or  nucleated  enlargement,  and  of  two  pro- 
cesses, one  distal,  the  other  proximal.  The  distal  process  is  nearly 
straight,  and  passes  towards  the  apex  of  the  taate-bud,  where  it 
terminates  in  a  small,  highly  refracting  cilium-like  appendage,  which 
projects  into  the  gustatory  pore  above  mentioned,  but  the  cell-body 
does  not  itself  quite  reach  the  pore.  The  proximal  process  is  more 
delicate  than  the  other,  and  is  often  branched  and  varicose.  The 
nerve-fibres  (fig.  338)  terminate  in  ramifications  amongst  the  gustatory 
cells  (Retzius).  2.  The  sustetUacular  cells  (fig.  337,  c),  which  are 
eloi^ted  cells,  mostly  flattened,  and  pointed  at  their  ends ;  they  lie 
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between  the  guatatorv  cells  which  thej  thus  appear  to  support,  and 
in  addition  they  form  a  sorb  of  envelope  or  covenng  to  the  taste  hud 
Between  the  cells  of  the   taste  bud  lymph -corpuscles  are  often  seen. 


having  probably  wandered  hither  from  the  subjacent  mucous  membrane. 
^'Connective  tissue  fibrils  penetrate  between  the  taste-bud  and  the 
stratified  epithelium  in  which  it  is  embedded  (Drasch). 

The  mucous  membtane  of  the  month  is  lined  by  a  stratified  epi- 
thelium into  which  numerous  microscopic  vascular  and,  in  some  parts, 
nerve-containing  papillaa  project.  The  corium  ia  formed  of  connective 
iisBue  and  contains  within  and  beneath  it  a  large  number  of  small 
decretory  glands  (buccal  glands).  Most  of  these  secrete  mucus,  but 
Some  are  of  the  mixed  type  (see  under  salivary  glands,  p.  286) :  this  is 
case,  for  example,  with  the  glands  of  the  lips.  The  ducts  of  the 
tuccal  glands  open  everywhere  upon  the  surface  of  the  membrane,  and 
the  openings  of  the  large  ducts  belonging  to  the  salivary  glands  are 
^so  Been  at  certain  parta. 
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The  phATsmz  is  composed  of  a  fibrous  membrane  which  is  encircled 
by  striated  muscles,  the  constrictors^  and  lined  by  mucous  membrane. 
The  mucous  membrane  is  covered  on  its  inner  surface  over  the 
upper  part  of  the  pharynx  with  ciliated  epithelium,  which  is 
continuous  with  that  of  the  nostrils,  and  through  the  Eustachian 
tube  with  that  of  the  tympanum.  Below  the  level  of  the  soft  palate 
the  epithelium  is  stratified  like  that  of  the  mouth  and  gullet,  into 
which  it  passes.  In  certain  parts  the  mucous  membrane  contains  a 
large  amount  of  lymphoid  tissue,  and  there  are  numerous  glands 
opening  on  its  surface. 

The  (Bsophagus  or  gullet,  which  passes  from  the  pharynx  to  the 
stomach,  consists,  like  the  pharynx,  of  a  fibrous  covering^  a  muscular 
coaty  a  lining  mucous  merribrane,  and  intervening  connective  tissue  {sub- 
mucous or  areolar  coat)  (fig.  339).  The  muscular  coat  is  much  more 
regularly  arranged  than  that  of  the  pharynx,  and  is  composed  of 
striated  muscle  in  about  its  upper  third  only,  the  rest  being  of  the 
plain  variety.  There  are  two  layers  of  the  muscular  coat — an  outer 
layer,  in  which  the  fibres  run  longitudinally,  and  an  inner,  in  which 
they  have  a  circular  arrangement.  The  mucous  membrane  is  lined  by 
a  stratified  epithelium,  into  which  microscopic  papillae  from  the  corium 
project.  The  corium  is  formed  of  areolar  tissue,  and  its  limits  are 
marked  externally  by  a  narrow  layer  of  longitudinally  disposed  plain 
muscular  fibres,  the  muscularis  mucosa.  This  is  separated  from  the 
proper  muscular  coat  by  the  areolar  coat,  which  contains  the  larger 
branches  of  the  blood-vessels  and  lymphatics,  and  also  the  mucous- 
glands  of  the  membrane.  The  ducts  of  these  glands  are  large 
and  usually  pass  through  a  nodule  of  lymphoid  tissue,  lymph-cell& 
from  which  infiltrate  the  epithelium  of  the  duct  and  may  pass  out 
into  the  lumen  of  the  duct. 

Besides  these  mucous  glands,  there  are  met  with  both  at  the 
upper  or  laryngeal  part  of  the  oesophagus  and  at  the  lower  or 
cardiac  end  a  certain  number  of  small  tubulo-racemose  glands  of 
a  different  character.  They  are  confined  to  the  mucous  membrane, 
not  penetrating  the  muscularis  mucosae,  and  their  ducts  open  upon 
and  not  between  the  papilla  of  the  mucous  membrane.  They  closely 
resemble  the  cardiac  glands  of  the  stomach  (see  fig.  353,  p.  290),  and 
it  is  frequently  found  that  the  epithelium  of  the  surface  in  the 
immediate  neighbourhood  of  their  ducts  is  similar  to  that  lining  the 
stomach. 

There  are  two  gangliated  nerve-plexuses,  one  in  the  muscular  coat,, 
and  one  in  the  submucous  coat,  like  those  of  the  intestine  (Klein). 
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THE  SALIVARY  GLANDS. 


\.  Sections  of  the  aubmaiillary  gland  (dog).  The  gland  may  be  hardened 
in  alcohol  or  fnnuol  and  stained  with  hEenjatoxylin-eosin  or  witli  inm  hiema- 
toxylin  by  Heidenhain'a  method.  Notice  the  acini  filled  with  clear  (mucos- 
Becreting)  cells,  the  nuclei  of  which  usually  lie  near  the  baseDient- membrane. 
Notice  here  and  there,  outside  the  clear  cellci,  demilunes  or  crescents  of  small 
darkly  stained  granidar-looking  (albuminous)  cells.  Observe  also  the  aeetioDB 
of  the  ductH  with   tiieir  striated  columnar  epithelium.     If  poseible  find  a 

Elace  where  one  of  the  ducts  is  passing  into  the  alveoli.  Sketch  under  a 
igh  power. 

2.  Study  sections  of  the  parotid  and  sublingual  glands  prepared  in  a 
Bimilar  way,  and  notice  the  differences  between  the  tliree  glands. 

3.  Examine  small  pieces  of  both  submaxillary  and  parotid  gland  of  the 
dog  freali  in  2  per  cent,  salt  solution.  In  the  enhmaxillary  gland  notice 
that  the  alveolar  ceils  are  swollen  out  viith  large  granules  or  droplets  of 
muoigen,  which  swell  up  in  water  to  form  large  clear  vacuoles.  Dilute 
Acida  and  alkalies  produce  a  similar  change  but  more  rapidly.  The  cells  of 
the  parotid  gland  are  also  filled  with  gi-anules,  but  they  are  smaller.  The 
granules  are  also  swollen  up  and  dissolved  by  these  fluids.  Make  a  sketch 
nrom  each  preparation  under  a  high  power. 

4.  To  study  the  ehaagw  which  the  alveolar  cells  undergo  during  secretion, 
pilocarpine  is  administered  to  an  animal  in  sufficient  amount  to  produce 
copious  salivation  ;  after  half  an  hour  the  animal  is  killed  and  its  salivary 
glands  are  examined  as  in  preparation  3.  The  granules  are  not  seen  in  pre- 
parations that  have  been  in  alcohol,  but  osmic  acid  preserves  them  moderately 
well ;  they  are  well  seen  in  sections  stained  by  MuiHs  eosin-methylene  blue 
method  (see  Appendix). 

The  BalivaiT  El&ada  may  be  looked  upon  as  typical  of  secreting^ 
[  glands  in  general.  They  are  compoaad  of  a  number  of  lobules  bound 
[  together  loosely  by  connective  tissue.  Each  small  lobule  is  formed 
I  of  a  group  of  irregularly  saccular  or  tubular  alveoli  or  acini  from  which 
I  a  duct  pasBCB,  and  this,  after  uniting  with  other  ducts,  eventually  leaver 
1  the  gland  to  open  upon  the  surface  of  the  raucous  membrane  of  the 
f  mouth. 

The  alveoli  are  inclosed  by  a  basement-membrane,  which  has 
I  flattened  branched  cells  on  its  inner  surface,  next  to  the  epithelium 

;.  34:0).     It  may  be  shown  by  teasing  the  fi^sh  gland  substance  in 

I  .water  (Langley),     This  basement-membrane   ia  continued   along   the 

I  ducte.     Within  it  is  the  epithelium,  which  in  the  alveoli  is  composed 

I  polyhedral  cells  (fig.  311,  a),  but  in  the  duct.a  is  regularly  columnar^ 
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except  in  that  part  of  the  duct  which  immediately  opens  into  the 
Alveoli  {jundional  part);  in  this  it  is  flattened  {(£).  The  columnar 
epithelium  of  the  ducts  is  peculiar,  in  that  the  cells  show  a  distinction 
into  two  unequal  zones,  an  outer,  larger,  striated  zone,  and  an  inner, 
smaller,  granular  one  (fig.  341,  d). 


Fig.  340.  —  Mbmbkana  peopeia  op  t 

The  prepHnlJon  la  UksD  from  t,  mucous  gland  u(  Ibe  rabbit. 

The  cells  of  the  alveoli  diSer  according  to  the  substance  they  secrete. 
In  alveoli  which  secrete  mucus,  such  as  all  the  aheoli  of  the  dog's 
submaxillary  (fig    341),  and  some  of  the  alveoli  of  the  same  gland  in 


man  {fig.  344),  the  cells,  if  examined  in  normal  saline  solution  or  after 
hardening  with  alcohol,  are  clear  and  swollen.  But  if  examined 
rapidly  in  serum,  or  in  solutions  of  salt  of  from  2  to  5  per  cent., 
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the;  are  often  seen  to  be  occupied  by  large  and  distinct  granules 
(Langley).  These  granules  can  also  be  rendered  visible  by  certain 
methods  of  staining,  when  it  is  apparent  that  they  are  not  present  as 
such  in  all  the  cells  but  have  in  many  cells  become  clear  and  swollen, 
and  converted  into  a  substance  which  is  known  as  muagert  (fig.  346,  a). 


Similar  granules  are  seen  also  in  the  cells  lining  the  gland  ducts ; 
here  also  they  are  found  to  vary  in  size  and  number  with  the  condition 
of  activity  of  the  gland  (fig.  348).  The  mucigen  is  dissolved  out 
of  the  cell  and  discharged  as  mvcv^  into  the  lumen  of  the  alveolus  and 


FlO.  343.— aUBMAXILLARV 

into  the  ducts,  when  the  gland  is  stimulated  to  activity.  The  cells 
-are  known  as  mucous  cells.  But  in  most  alveoli  there  are  some  cells 
which  do  not  contain  mucigen,  but  small  albuminous  granules,  and 
these  often  form  crescentic  groups  which  lie  next  to  the  basement- 
membrane  (figs.  341,  s,  342,  c).     These  are  the  so-called  crescents  of 
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Gianiisei  ;  their  constituent  cells  are  known  also  as  marginal  or  serous 
<:dls.  Special  diverticula  pass  from  the  lumen  of  the  alveoli  between 
the  mucous  cells  to  penetrate  to  the  crescents  and  to  branch  amongst 
And  witliin  their  constituent  cells  ;  these  diverticula  are  best  shown  by 


the  Golgi  method  of  staining  (figs.  319,  350).  They  also  occur  in  the 
purely  serous  alveoli  (fig.  347),  in  which  none  of  the  cells  secrete  mucus, 
but  watery  or  albuminous  saliva.  In  these  when  the  gland  has  been  long 
at  rest  the  cells  are  filled  with  granules,  which  do  not  swell  with  water 


lorm  mucin;  they  appear  to  be  albuminous  in  nature,  and  prob- 

libly  yield  to  the  secretion  of  the  gland  its  ferment  (ptyalin)  and  its 

■  albumin.     The  granular  substance  within  the  cell  is  not  the  ferment, 

jbut  the  ferment  is  formed  irom  it  when  the  secretion  is  poured  out. 

Hence  it  has  been  termed  zymogen  (mother  of  ferment).     As  Langley 
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showed,  the  oater  part  of  each   cell   becomeB  clear  and  iree  from 
granules  after  secretion  (fig.  345). 

Ill  nearly'  al!  animala  the  parotid  glaniia  are  coDiposed  of  j>urelY  Beroug 
alveoli  :  iii  man  and  most  animals  the  euhmaiillaiy  and  xnbliiigual  ^lauda 
have  both  serouB  and  muuous  alveoli  or  "railed"  alveoli,  i.e.  alveoli  con- 
taining both  serous  and  raucous  cells.  The  smaller  delached  anterior  parta 
of  the  sublingual  gUnd  have  purely  mucous  alveoli. 


Fig.  350.— Alvbou  of  trb  svbmazil- 
Rctzias. )    Golgi  method. 


ulm  pen  tistiDK   n      tbe 


The  largest  ducts  have  a  wall  of  connective  tissue  outside  Uie 
basement-membrane  and  also  a  few  plain  mascnlar  cells.  The  Uood- 
esseh  of  the  salivarj  gland  form  a  capillai;  network  arODDd  each 
alveolus.  The  lymphatics  commence  in  the  form  of  lacuuu-  Teasels 
between  the  al\eolL  Lymphoid  nodules  are  occssioDally  found  in 
the  inters!  t  al  connect  ve  t  ssue.  The  nerve-fibres,  which  are  derired 
both  from  the  cerebro-sp  nal  nerves  and  from  the  STmpathetk,  pan 
through  -an  1  a  before  proceeding  to  their  distribatitxi.  They 
nunifr  aa  tine  an  o.e  hbnl  mongst  the  alveolar  cells  (fig.  350),  and 
manr  are  distributed  to  the  blood-vessels. 

The  salivary  glands  are  developed  as  buds  from  the  efHtheliom  of  the 
bnccal  ca\ity.  at  tirst  solid  but  becoming  gradually  hollowed  oat.  To 
begin  with  they  are  simple,  but  undergo  ramification  as  they  grow  into 
the  mucous  membruie  and  submucous  tissue. 


THE  STOMACH. 
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THE  STOMACH. 

\.  Vertical  longitndinal  aectiona  through  the  cardia,  including  the  lower 
end  of  the  cesophagufl  and  the  Euijaceiit  cardiac  portion  of  the  stomach. 
These  are  intended  to  show  the  abrupt  trariaitioii  of  the  stratified  epithelium 
of  the  ceeophaguB  into  the  columnar  epithelium  of  the  stomach,  and  also  the 
character  of  the  gastric  and  oesophageal  glands  in  the  immediate  oeighbour- 
bood  of  the  cardia.     The  aections  may  be  stained  with  biematoiylin  and  eoain. 

2.  Sections  of  the  fundus  of  the  stomach,  cut  perpendicularly  to  the 
:Bnrface  of  the  mucous  membrane. 

In  these  sections  the  gent^ral  arrangement  of  the  coats  of  the  stomach  is  to 
te  studied.  Sketches  are  to  be  made  under  a  low  power  illustrating  this 
arrangement,  and  others  under  a  high  power  showing  the  structure  of  the 
glands  of  the  mucous  membrane. 

Measure  the  whole  thickness  of  the  mucous  membraiie,  the  thickness  of 
the  muscular  coat,  the  size  of  the  columciar  epitbelium-cells  of  the  surface, 
and  that  of  the  cells  in  the  deeper  parts  of  the  glands. 

3.  Sections  of  the  niuuoiia  membrane  of  the  fundus,  cut  parallel  to   the 

These  sections  will  show  better  than  the  others  the  arrangement  of  the 
cells  in  the  glands. 

4.  Vertical  sections  of  the  mucous  membrane  from  the  pyloric  region 
'    the    stomach.      If   the   section    is    taken    longitndinatiy    through    the 


.lylorus,  the  transition  of  the  gastric  glands  into  the  glands  of  Brunner 
Kg  the  duodenum  will  be  made  manifest.  Make  a  sketch  under  a  low  power 
if  one  of  the  glands  in  its  whole  length,  filling  up  some  of  the  details  with 
the  high  power. 

5.  Study  the  arrangement  of  the  blood-vessels  of  the  stomach  in  vertical 
•actions  of  the  wall  of  an  organ  the  vessels  of  which  have  been  injected. 

The  wall  of  the  atomacli  consists  of  four  coats,  which,  enumerated 
Irom  without  in,  are  aa  follows,  via.  :  sercnis,  muscular,  areolar,  or  sub- 
taucoae,  and  mucous  memltrane  (iig.  331). 

The  serous  coat  is  a  layer  which  is  derived  from  the  peritoneum.  It 
ia  deficient  only  along  the  lines  of  the  leaser  and  greater  curvatures. 

The  mvscukir  ami  consists  of  three  layers  of  plain  muscular  fibres. 
lOf  these  the  bundles  of  the  outer  layer  run  longitudinally,  those  of 
i^the  middle  layer  circularly,  and  those  of  the  inner  layer  obliquely. 
•The  longitudinal  and  circular  bundles  become  thicker  and  stronger 
.towards  the  pylorus  ;  at  the  pylorns  itself  the  circular  layer  is  greatly 
,thickened  to  form  a  sphincter  muscle.  The  oblique  fibres  are  only 
^present  over  the  fundus. 

The  areolar  or  aulmyacova  coat  is  a  layer  of  areolar  tissue,  which  serves 
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to  unite  the  mucous  membrane  loosely  to  the  muscular  coat  in  it 
ramify  the  larger  branches  of  the  blood 
vessels  and  lymphatics 

The  mvcous  membrane  is  a  soft  thict 
layer  generallv  somewhat  corrugated  in 
the  empty  condition  of  the  organ  Its 
inner  surface  is  covered  by  columnar 
shaped  epithelium  cells  all  of  which 
secrete  mucus  They  are  prolonged  into 
the  ducts  of  the  glands  but  when  these 
divide  to  form  the  tubules  the  cells  be 
come  cubical  and  lose  their  mucus 
secreting  charat-ter  The  thicknesB  of 
the  mucous  membrane  is  due  to  the  fact 
that  it  is  largely  made  up  of  1  ng  tubular 
glands  which  open  upon  the  inner  sur 
face  Between  the  glands  the  mucous 
membrane  is  formed  of  retiform  with 
some  lymphoid  tissue  Externally  it  is 
bounded  by  the  mubculari.i  muco  w  which 
consists  of  an  external  longitudinal  and 
an  inner  circular  layer  of  plain  muscular 
fibres 

Oastnc  glands  — These  are  formed  of  a 
basement  membrane  lined  withepithelmm 
Each  gland  consists  ofsftrehng  tubules  from 
one  to  four  in    number    opening  at  the 
surface  into  a  larger  tube,  the  duct  of  the 
gland.     The  duct  is  in  all  cases  lined  by 
3US  secreting  epithelium  of  the    same 
character  as  that  which  covers  the  inner 
I.,  niuaniJ  surfacc  of  the  mucous  membrane,  but  the 
i3!iu"r''^^cuim'ia7e''""'!^'ion^' epithelium  of  the  secreting   tubules    is 
tudhiai  muscutar  Uyer;  i,  wroiis  (jjffgrent  from  this,  and  also  diflers  some- 
what in  the  glands  of  difierent  regions  of 
the  organ.     The  following  varieties  of  gastric  glands  are  met  with  : — 

(1)  Glands  of  the  cardia. — These  are  found  in  man  close  to  the  oeso- 
phageal opening  or  cardia  ;  they  are  of  two  kinds :  {a)  simple  tubules, 
very  similar  to  the  crypts  of  Lieberkiihn  of  the  intestine  and  (ft)  small 
tubulo-racemose  glands  (fig.  353).  The  secreting  tubules  of  the  race- 
mose glands  are  lined  by  cells  which  are  granular  in  appearance  and  of 
a  short  columnar  form,  and  of  the  same  nature  throughout  the  length 


THE  STOMACH. 

<rf  the  tubule  except  near  the  onfice  (duet)   where  they  give  place  to 

columnar  mucus  secreting  cells      Occasionally  one  or  two  oxyntie  cells 

^ay  be  present  in  their  tubules 

(3)  Glands    f  the  fundus  (ori/nh    glands)  (figs   3d4,  355). — In  these 
wida  the  tubules  are  long  and  the  duct  short      The  epithelium  of  the 

tubules  is  composed  of  two  kinds  of  cells      Those  of  the  one  kind, 


Fig.  362.— Skftion 

S,  itmtifled  opitbaliiini  o(  CBSuphii^i 


).    (135  liiametarB.) 


which  form  a  continuous  lining  to  the  tubule,  are  somewhat  poly- 
Jjedral  in  shape,  and  in  stained  sections  look  clearer  and  smaller 
than  the  others,  but  in  the  fresh  glands,  and  with  certain  methods 
ijf  staining,  it  can  be  seen  that  they  are  filled  with  granules 
;.  355).  The  granules  are  most  numerous  at  the  inner  part  of 
^e  cell,  an  outer  zone  being  left  clear.  After  prolonged  activity  this 
inter  zone  increases  in  size  while  the  granides  diminish  in  number  as 
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in  the  analogous  cases  of  the  pancreas  and  parotid  glands  (Langley). 
The  cells  are  believed  to  form  pepsin  and  are  termed  the  chief  ceSt 
of  the  :.ardiac  glands  or  from  their  relative  position  in  the  tubule 
immediately  Hurrounding  the  lumen  the  central  cells  Scattered  along 
the  tubule,  and  lying  between  the  chief  cells  and  the  basement-mem- 
brane, are  a  number  of  large  spheroidal  or  ovoidal  cells  These 
are  the  panettd  or  oxyvtic  celh  ^    Each  panetal  ceil  la  surrounded  and 


p%r 


FlO.   3B3.— 3B0T1ON  01 

j.  Soh.ffer.)     xlS. 

c,  ardiac  glsnds  ;  d,  tbei 

rdgcta;  rr,  glimds  aimlUr  to  crypts  of  LiobsrkUJui,  witbgoblsl 

penetrated  by  a  network  of  minute  passages,  communicating  with  the 
lumen  of  the  gland  by  a  fine  canal,  which  passes  between  the  central 
cells  (fig.  356) ;  but  in  the  neck  of  the  gland  the  parietal  cells  abut 
against  the  lumen,  being  here  wedged  in  between  the  mucus-secreting 
ceils  (fig.  354,  A). 

(3)  Glands  of  the  pyloric  canal  (fig.  357). — In  the  glands  of  the  pyloric 

canal  the  ducts  are  much  longer  than  in  those  of  the  fundus,  and  the 

secreting  tubules  possess  cells  of  only  one  kind.^    These  correspond  to 

'  So   called  becsuae  they  are  believed  to  produce   the   acid   of  the   gutrio 

;  U  only  quite  near  the  pylorus  that  oxyiitic  cells  are  altogether 


F[G.  354,— Sections  o 


A,  BeotioD  clem  to  but  not  quito  paiallul 

tho  gland  doEta  and  on  thn  right  tlio  ixi 

colli  bFglDtiiiigb>&|jpciLr'bBtwaGU  tlici 

.  Deopor  mrt  of  tlio  miiio  «cctiou,  sht 


q  nltog<jtlii;r  oiitsldi  I 
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the  chief  cella  of  the  fundus  glands,  hut  are  not  quite  identical  with 
them  in  appearance,  the  granules  being  much  leas  distinct.  The  celle 
are  of  a  columnar  or  cubical  shape,  aod  in  the  freah  condition  of  a 
granular  appearance ;  quite  unlike  the  clear  columnar  epithelium  of  the 


Fio,  35D.' 

Oamio  «!id  prepu-Btion. 

(,  columnar  epithaUum  or  the  Burlace ;  »,  neCk  u 

ccUb  ;  f,  Tjoae,  occupied  only  b;  principal  ct  co 

ncciiuubtod  towuda  tbe  lumen  at  the  gluad. 

Fia.  356. -A  f 

(B.  MiUler.) 

FiQ.  357.— A  P' 


surface,  whieb  is  formed,  as  elsewhere,  of  long  tapering  cells,  the  outer 
part  of  which  is  filled  with  mucigen. 

At  the  pylorus  itself  the  gastric  glands  become  considerably 
lengthened  and  enlarged,  and  are  continued  into  the  submucous 
tissue,     the    muscularis    mucosa    being    here    deficient ;     they    thus 


SIMmm 


ploiua  or  larger  raJTed  lymphatlcB 
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present  transitions  to  the  glands  of  Brunner,  which  lie  in  the  sub- 
mucous tissue  of  the  duodenum  (fig.  358). 

Scattered  amongst  the  ordinary  secreting  cells  of  the  pyloric  glands,  cells 
are  seen  here  and  there  which  stain  differently  from  the  rest,  and  probably 
have  a  different  function  (Stohr).  Occasionally  oxyntic  cells  are  met 
with  in  the  pyloric  glands  and  even  in  Brunner's  glands  in  the  duodenum 
(Kaufman  n). 

The  blood-vessels  of  the  stomach  are  very  numerous,  and  pass  to  the 
organ  along  its  curvatures.  The  arteries  traverse  the  muscular  coat, 
giving  off  branches  to  the  capillary  network  of  the  muscular  tissue, 
and  ramify  in  the  areolar  coat.  From  this,  small  tortuous  arteries 
pierce  the  muscularis  mucosae,  and  break  up  into  capillaries  near  the 
bases  of  the  glands  (fig.  359).  The  capillary  network  extends  between 
the  glands  to  the  surface,  close  to  which  it  terminates  in  a  plexus  of 
relatively  large  venous  capillaries  which  encircle  the  mouths  of  the 
glands.  From  this  plexus  straight  venous  radicles  pass  through  the 
mucous  membrane,  pierce  the  muscularis  mucosae,  and  join  a  plexus  of 
veins  in  the  submucous  tissue.  From  these  veins  blood  is  carried 
away  from  the  stomach  by  efferent  veins,  which  accompany  the  enter- 
ing arteries. 

The  lymphatics  {^g.  360)  arise  in  the  mucous  membrane  by  a  plexus 
of  large  vessels  dilated  at  intervals,  and  looking  in  sections  like  clefts 
in  the  interglandular  tissue.  From  this  plexus  the  lymph  is  carried 
into  large  valved  vessels  in  the  submucous  coat,  and  from  these, 
efferent  vessels  run  through  the  muscular  coat  to  reach  the  serous 
membrane,  underneath  which  they  pass  away  from  the  organ.  The 
muscular  coat  has  its  own  network  of  lymphatic  vessels.  These  lie 
between  the  two  principal  layers,  and  their  lymph  is  poured  into 
the  efferent  lymphatics  of  the  organ. 

The  nerves  have  the  same  general  arrangement  and  mode  of  distribu- 
tion as  those  of  the  intestine  (see  next  Lesson). 
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I*ESSONS    XXXII.  AND    XXXIII. 

TRE  SMALL  AND  LARGE  INTESTINE. 

\.  Sections  of  the  duodenum,  jejunum,  and  ileum,  vertical  to  the  surface. 
The  three  paita  of  tlie  intestine  may  be  embedded  in  the  same  paraffiu  block, 
and  the  sections  alained  and  mounted  together.  Choose  B  part  of  the  ileum 
which  includea  ft  Payer's  patch.  Observe  the  nodules  of  lymphoid  tissue 
■which  ooiwtitiibe  the  patch  and  which  extend  into  the  submucous  tissue. 
Observe  the  lymphoid  cells  in  the  superjacent  epithelium.  Notice  also  the 
siiiua-like  lymphatic  or  lacteal  vessel  which  encircles  the  base  of  each  nodule. 
In  the  duodeuum  study  the  glands  of  Brumier  in  the  submucous  tissue. 
Make  a  general  sketch  of  each  section  under  ii  low  power  and  draw  a  villus 
under  the  high  power.  The  general  arrangement  and  structure  of  the 
intestinal  wall  is  to  be  studied  in  these  sections. 

2.  Sections  parallel  to  the  surface  of  the  intestine,  and  therefore  across 
the  long  axis  of  the  villi  and  glands  of  the  mucous  membrane.  In  order 
to  keep  the  aectioua  of  the  villi  together  so  that  they  are  not  lust  in  the 
mounting,  it  is  necessary  either  to  embed  in  celloidin  or,  if  paraffin  be  used, 
to  employ  an  adhesive  method  of  mounting. 

In  this  preparation,  sketch  the  transverse  section  of  a  villus  and  of  some 
of  the  crypts  of  Lieberkiihn. 

3.  To  study  the  process  of  fat-abaorption,  kill  a  frog  two  or  three  diiys 
after  feeding  with  bacon  fat.  Put  a  very  small  shred  of  the  mucous  mem- 
brane of  the  intestine  into  osniic  acid  (0'5  per  cent.)  and  another  piece  into 
a  mixture  of  2  parts  Miiller'a  fluid  and  I  part  osniic  acid  solution  (1  per 
cent.].  After  forty-eight  hours  teased  preparations  may  be  made  from  the 
oamie  acid  preparation,  in  the  same  manner  as  directed  ia  Lesson  VIII.,  g  1, 
The  piece  in  Miiller  and  osmic  acid  may  be  left  for  ten  days  or  more  in  the 
fluid.  When  hardened,  sections  are  made  by  the  freezing  method  and 
mounted  in  glycerine, 

4.  Sections  of  small  intestine  the  blood-vessels  of  which  have  been  injected. 
Notice  the  arrangement  of  the  vessels  in  the  several  layers.  Sketch  carefully 
the  vascular  network  of  a  villus, 

5.  From  a  piece  of  intestine  which  has  been  stained  with  chloride  of  gold 
tear  off  broad  strips  of  the  longitudiual  muscular  coat,  and  mount  them  in 
glycerine.  It  will  generally  be  found  that  portions  of  the  nervous  plexus  of 
Auerbaeh  remain  adherent  lu  the  strips,  and  the  plexus  can  in  this  waj- easily 
be  studied. 

From  the  remainder  of  the  piece  of  intestine  tear  off  with  forceps  the  fibres 
of  the  circular  mu^oular  layer  on  the  one  side,  and  the  mucous  membrane  on 
the  other  aide,  so  as  to  leave  only  the  submucous  tissue  and  the  muscularis 
iDucoseti.  This  tissue  is  also  to  be  mounted  flat  in  glycerine :  it  contains  the 
plexus  of  Meissuer. 

Sketch  a  small  portion  of  each  plexus  under  a  high  power.  The  plexuses 
can  also  be  studied  by  the  methylene -blue  and  reduced  silver  methods  (see 
Appendix). 

6.  Sections  of  the  large  intestine,  perpendicular  to  the  surface.    These  wiE 
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ahow  the  general  structure  auil  arraiigeiueiit  of  the  coata,     Sketcili  under  a 
low  power. 

7.  Sections  of  the  mucouB  membrane  of  the  large 
uurface,  and  therefore  acrosa  the  glands.  Sketch  sot 
interglaiidnlar  tissue  under  a  high  power. 

8.  The  arrangement  of  the  blood-vessele  of  the  large  intestine  may  be 
studied  iu  sections  of  the  injected  organ.  ^~ 


The  wall  of  the  small  intestiiie  consists,  like  that  of  the  stomaci 
of  four  coats  (fig.  361). 
The  serous  coal  is  complete  except  over  part  of  the  duodenum. 


1 


IS.  361,— Diagram  of  section 
WTH.  musoularia  muc 


The  musmlar  coat  is  composed  of  two  layers  of  muscular  tissue,  an 
outer  longitudinal  and  an  iuner  circular.  Between  them  lies  a  network 
of  lympbatic  vessels  and  also  the  close  gangliated  plexus  of  iioa- 
inedullated  nerve-fibres  known  as  the  plexus  mifentericus  of  Auerbach. 
The  ganglia  of  this  plexus  may  usually  be  seen  in  vertical  sections  of 
the  intestinal  wall  (in  figs.  365,  369),  but  the  plexus,  like  the  one 
in  the   submucous   coat  immediately   to   be   described,   can   only  be 
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properly  displayed  in  preparations  made  with  chloride  of  gold  (fig. 
362)  or  methylene  blue  or  by  GrolgTs  method. 

The  submucous  coat  is  like  that  of  the  stomach ;  in  it  the  blood-vessels 
and  lacteals  ramify  before  entering  or  after  leaving  the  mucous  mem- 
brane, and  it  contains  a  gangliated  plexus  of  nerve-fibres — the  plexus 
of  Mm^er — which  is  finer  than  that  of  Auerbach  and  has  fewer 


Fig.  3fi2,— Aubbbaob's  flexds, 


ganglion  cells  (fig.  363),  Its  branches  are  chiefly  supplied  to  the 
muscular  fibres  of  the  mucous  membrane,  but  also  to  the  glands  and 
villi  (fig.  364). 

The  mucous  membrcme  is  bounded  next  to  the  submucous  coat  by  a 
double  layer  of  plain  muscular  fibres  (musctdaris  mucom).  Bundles 
from  this  pass  inwards  through  the  membrane  towards  the  inner 
surface  and  penetrate  also  into  the  villi.  The  mucous  membrane 
proper  ia  pervaded  with  simple  tubular  glands— the  crisis  of  LieberkiUm 
{figs.  365,  366,  369) — which   are  lined  throughout  by  a  columnar 
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epithelium,  with  scattered  goblet  cells,  like  that  which  covers  the 
general  surface  and  the  villi.  At  the  fundus  of  each  crypt  are  a  few 
cells  containiDg  well-marked  granules  (Paneth),  The  cells  of  the 
glands  show  frequent  mitoses,  and  it  is  believed  that  the  epithelium  of 


-vL 


the  general  surface  becomes  regenerated  from  them  (Bizzozero).  The 
mucous  membrane  between  these  glands  is  mainly  composed  of 
reticular  tissue,  which  contains  here  and  there  nodules  of  lymphoid 
tissue.  These  nodules  constitute  when  they  occur  singly  the  go-called 
uHilary  glands  of  the  intestine  (fig.  368),  and  when  aggregated  together 


300  THE  ESSENTIALS  OF  HISTOLOGY. 

form  the  agminaUd  glands  or  palcheg  of  Peyer  (fig.  374).     The  latter 
occur  chiefly  in  the  ileum. 


Fro.  366  —A 


Fio.  368.— Section  of  the  ii 
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The  v)iU  with  which  the  nhole  of  the  inner  surface  ot  the  amall 
intestine  is  cloBely  beset  are  clavate  or  finger  shaped  projections  of  the 
mucous  membrane  and  tre  composed  hke  that  of  retiform  tissue 
covered  witb  columnar  epitbehum  (fags  370  to  372)  The  characters 
of  this  epithelium  ba\e  already  been  described  (Lesson  VIIL). 
Between  and  at  the  base  of  the  epitbehum  cells  many  lymph- 
corpuscles    occur    as  well  as  m  the  meshes    of  the    retitorm    tissue. 


The  epithelium  rests  upon  a  basement-m  era  bran  b.  In  the  middle  of 
the  villus  is  a  lymphatic  or  lacteal  vessel  which  may  be  somewhat 
enlarged  near  its  commencement,  but  the  enlargement  is  replaced  in 
some  animals  by  a  network  of  lacteals.  Surrounding  this  vessel  are 
small  bundles  of  plain  muactilar  tissue  prolonged  from  the  muscularis 
mucosffi.  The  network  of  blood-capillaries  (figs.  370,  373)  lies  for  the 
most  part  near  the  surface  within  the  basement-membrane ;  it  is 
supplied  with  blood  by  a  sraall  artery  which  joins  the  capillary 
network  at  the  base  of  the  villus;  the  correa [ion ding  vein  generally 
arises  near  the  extremity. 
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The  lipnphahn  (lacteala)  of  the  mucous  membrane  {fig,  374),  after 
receiving  the  central  lacteals  of  the  vilh  pour  their  contents  iuto  i. 
plexus  of  large  vah  ed  iymphatiLS  n  hich  be  la  the  submucous  tiGsue 
and  form  sinuses  around  the  bases  of  the  Umphoid  nodules  (fig.  256, 


Fio.  37S.— Small  iNTKaTiNK  (vkbtical 


p.  208).  From  the  submucous  tissue  efferent  vessels  pass  through  the 
muscular  coat,  receiving  the  lymph  from  an  intramuscular  plexus  of 
lymphatics,  and  are  conveyed  away  between  the  layers  of  the  meaeiitery. 
Absorption  of  fat. — In  order  to  study  the  process  of  fat  transference 
in  the  intestine,  it  is  convenient  to  stain  the  fat  with  osmic  acid,  which 


d,  cupola  or  pnijuctltig  part  of  Uie  oodule ;  fl|  wntnl  pvt ;  f,  Uie  reticulated  Uct«&i 
vemds  ocoDpjIug  the  Ijmpboid.  tiaaUB  batwaan  the  Bodu lea,  joined  alBiiB  liy  Iho 
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colouFB  it  biack.  It  can  tbeti  be  observed  that  in  animalB  which  have 
been  fed  with  food  containing  fat,  particles  of  fat  are  present  (1)  in 
comparatively  large  globules  within  the  columnar  epithelium-cells  ;  (2) 
in  fine  granules  in  the  interstitial  tissue  of  the  villus,  but  often  confined 
to  the  amffiboid  leucocytes,  which  abound  in  this  tissue ;  (3)  in  fine 
granules  within  the  central  lacteal  of  the  villus.  The  leucocytes  are 
present  not  only  in  the  reticular  tissue  of  the  villus,  but  also  in  con- 
siderable numbers  between  and  at  the  base  of  the  epithelium-cells ;  and 
they  can  also  be  seen  in  thin  sections  from  bichromate-osmic  prepara 
tions  within  the  commencing  lacteal ;  in  the  last  situation  they  are 
undergoing  disintegration  (fige.  375,  376),  These  observations  are 
easily  made  in  the  frog. 


Fio.  376.— Mneona 

!P,  epitliel 

Since  the  leucocytes  are  araceboid,  it  is  probable  from  these  facts 
that  the  mechanism  of  fat-absorption  consists  of  the  following  processes 
— viz.  (1)  absorption  or  formation  of  fat  in  the  columnar  epithelium- 
cells  of  the  surface ;  (2)  ejection  of  fat-granules  from  the  epithelium 
into  the  tissue  of  the  villus;  (3)  inception  of  fat  by  leucocytes, 
these  taking  it  up  after  it  has  passed  out  of  the  epithelium  cells  ;  (i) 
migration  of  leucocytes  carrying  fat  particles  through  the  tissue 
of  the  villus  and  into  the  central  lacteal ;  (5)  disintegration  and  solution 
of  the  immigrated  leucocytes,  and  setting  free  their  contents.  Since 
fat-particles  are  never  seen  in  the  striated  border  of  the  columnar 
cell  it  is  probable  that  the  fat  first  becomes  saponified  by  the  action  of 
the  digestive  juices,  and  reaches  the  epithelium -cell  in  the  form  of 
dissolved  soap;  the  fiit  which  is  seen  and  stained  by  osmic  acid  within 
the  cells  having  become  re-formed  by  a  process  of  synthesis. 

In  some  young  animals  {puppy,  kitten)  the  fat  which  is  undet^oing 
absorption  is  seen  not  only  in  the  epithelium-cells  and  leucocytes,  but 
also  in  the  form  of  streaks  of  liquid,  stained  black  by  osmic  acid,  in  the 
interBtiees  of  the  reticular  tissue  of  the  villi.     It  has  probably  passed 
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The  villi  with  which  the  whole  of  the  inner  surface  of  the  amail 
intestine  is  closely  beset  are  clavate  or  tinger-ahaped  projections  of  the 
mucous  membrane,  and  are  composed,  like  that,  of  retiform  tissue 
covered  with  columnar  epithelium  (figs.  370  to  372).  The  characters 
of  this  epithelium  have  already  been  described  (Lesson  VIII.). 
Between  and  at  the  base  of  the  epithelium -eel  Is  many  lymph- 
corpuscles   occur,   as  well  as  in  the  meshes    of  the   retiform   ' 


ig  lymph  ■i:orimsclm,  c,  same  [artly  dlslnlogratBd. 


The  epithelium  rests  upon  a  basement-membrane.  In  the  middle  of 
the  villus  is  a  lymphatic  or  lacteal  vessel  which  may  be  somewhat 
enlarged  near  its  commencement,  but  the  enlargement  is  replaced  in 
some  animals  by  a  network  of  lacteala.  Surrounding  this  vessel  are 
small  bundles  of  plain  muscular  tissue  prolonged  from  the  muscularia 
mucostB.  The  network  of  blood-capillaries  (figs.  370,  373)  lies  for  the 
most  part  near  the  surface  within  the  basement-membrane ;  it  is 
supplied  with  blood  by  a  small  artery  which  joins  the  capillary 
network  at  the  base  of  the  villus ;  the  corresponding  vein  generally 
arises  near  the  extremity. 
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The  lymphatic  (lacteals)  of  the  mucous  membrane  (fig,  374),  after 
receiviDg  the  (.entral  lacteak  of  the  mIIi  pour  Iheir  contents  into  a 
plexus  of  laroC  vahed  lymphatiLS  which  he  in  the  submucous  tissuB 
and  form  minuses  around  the  bases  of  the  lymphoid  nodules  (fig.  256, 


Fia.  37S.— SUAU, 


p.  208).  From  the  submucous  tisaue  efferent  vessels  pass  through  the 
muscular  coat,  receiving  the  lymph  from  an  iulramuscukr  plexus  of 
lymphatics,  and  are  conveyed  away  between  the  layers  of  the  mesentery. 
Absorption  of  &t. — In  order  to  study  the  process  of  fat  transference 
in  the  intestine,  it  is  convenient  to  stain  the  fat  with  osmic  acid,  whioh 
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The  lymphatics  (lacteals)  of  the  mucous  membrane  (fig.  37i),  after 
receiving  the  central  lacteals  of  the  ^^lil  pour  their  contents  into  a 
plexus  of  large  vahed  lymphatics  which  he  in  the  submucous  tissue 
and  form  dnuaeti  around  the  bases  of  the  lymphoid  nodules  (fig.  256, 


From  the  submucous  tissue  efl'erent  vessels  pass  through  the 

muscular  coat,  receiving  the  lymph  from  an  intramuscular  plexus  of 

lymphatics,  and  are  conveyed  away  between  the  layers  of  the  mesentery. 

Absorption  of  taX,  —In  order  to  study  the  process  of  fat  transference 

in  the  intestine,  it  is  convenient  to  stain  the  fat  with  osmie  acid,  which 


Fig.  374.— Vkbtical  bection  op  a  portion  of  a  Pbvkii's  paicb,  with  thk 

II  LACTEAL  VK8BELB  INJECTED.    MHgiiiSed  32  disiuetets.    (Fray.) 

'I,  iiom™o(' l™tob«lar  sfands^c.  the  muacuUr  lajer  of  tho  mucous  UembMna  ■ 
"  a,  cnpala  tir  prvijet.'tiTis  pojt  af  tbg  nodule ;  r,  cBHtral  pvt ;  /,  the  reticulated  UcteiJ 

III  veeBf^  Dcpupyiu^  ths  lymphoid  tleeue  bAtwbBii  the  DodulflB,  julned  Hbdve  by  the 
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The  villi  with  which  the  whole  of  the  inner  surface  of  the  small 
intestine  ia  closely  beset  are  clavate  or  finger-shaped  projections  of  the 
mucous  membrane,  and  are  composed,  like  that,  of  reciform  tissue 
covered  with  columnar  epithelium  (figs.  370  to  373).  The  characters 
of  this  epithelium  have  already  heen  described  (Lesson  VIIL). 
Between  and  at  the  base  of  the  epithelium-cells  many  lymph- 
corpuscles   occur,   as  well  as  in   the  meshes   of  the    retiform    tissue. 


.tning  lympli- 


partlji  diiintfigrated. 


The  epithelium  rests  upon  a  basement-membrane.  In  the  middle  of 
the  villus  is  a  lymphatic  or  lacteal  vessel  which  may  be  somewhat 
enlarged  neai'  its  commencement,  but  the  enlargement  is  replaced  in 
some  animals  by  a  network  of  lacteais.  Surrounding  this  vessel  are 
small  bundles  of  plain  muscular  tissue  prolonged  from  the  muscularia 
mucosffi.  The  network  of  blood-capillaries  (figs.  370,  373)  lies  for  the 
most  part  near  the  surface  within  the  basement-membrane ;  it  ia 
supplied  with  blood  by  a  small  artery  which  joins  the  capillary 
network  at  the  base  of  the  villus ;  She  corresponding  vein  generally 
arises  near  the  extremity. 


Fic.  373.— PiHT  OF  A  a. 

(R.  HvldeDhaiD  ) 
m,  plftln  muHcIa  ;  1.  V,  I",  Icucocytea,  which  are  bsdh  In  laJve  numbera  Jn 

gf  the  rdtlcuUr  tluue :  il,  lanali ;  e,  BDOuectlve-ttsiflie  celli,  aivnring  ths  fituJli  i 
Hid  toUculum.    TIib  eplUwUum  ot  ths  vlUua  Is  not  reprmeutoCL 
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The  lymphatics  (lacteftla)  of  the  mucous  membrane  {fig.  374),  after 
receiving  the  central  lacteals  of  the  villi,  pour  their  contents  into  a 
plexuB  of  large  valved  lymphatics  vhich  lie  in  the  submucous  tiBSue 
and  form  sinuses  around  the  bases  of  the  lymphoid  nodulea  (fig.  256, 


Fib.  373.— Shau:  intestinb  (vebtical 


p.  208).  From  the  submucous  tissue  efferent  vesaela  pass  through  the 
muscular  coat,  receiving  the  lymph  from  an  iutramnscular  plexus  of 
lymphatics,  and  are  conveyed  away  between  the  layers  of  the  mesentery. 
Absorption  of  fat. — In  order  to  study  the  process  of  fat  transference 
in  the  intestine,  it  is  convenient  to  stain  the  fat  with  osmic  acid,  which 


4 


FiQ,  37i— Vbktioal  si 


~y   N  --^ 


cioN  or  A  Petkks  patoh,  «ith  ■ 

ED.     Magnified  32  diameters      (Frej  ) 

Ttasopcdmoaltlratn  this  Inner  part  ottlie  Ileum;/!,  vim  witli  their  lactdftlr' Left  w1 

b,  flome  of  the  tubular  |{laurla;    s,   the  muiicuUr  libjer  of  the  mucouH  nifmihr 

d.  oiiwltt  er  pn>jcttlug  piirt  of  the  uodule  ;  t,  Gontnkl  part ;  /,  the  reticulated  Li. 

lartealB  frurn  the  villi  and  mumue  BUrfaou,  and  paBslug  trelov  luto  ];,  the  Biiiua 
lacteiLlK  undiir  thd  uodnle&T  vbliih  again  pawi  Into  the  hirge  efferont  lactealaTj 
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colours  it  black.  It  can  then  be  observed  that  in  animals  which  have 
been  fed  yn\h  food  containing  fat,  particles  of  fat  are  present  (1)  in 
comparatively  large  globules  within  the  columnar  epithelium-cells  ;  (2) 
in  fine  granules  in  the  interstitial  tissue  of  the  villus,  but  often  confined 
to  the  amoeboid  leucocytes,  which  abound  in  this  tissue ;  (3)  in  fine 
granules  within  the  central  lacteal  of  the  villus.  The  leucocytes  are 
present  not  only  in  the  reticular  tissue  of  the  villus,  but  also  in  con- 
siderable numbers  between  and  at  the  base  of  the  epithelium-cells ;  and 
they  can  also  be  seen  in  thin  sections  from  bichromate-osmie  prepara 
tions  within  the  commencing  lacteal  j  in  the  last  situation  they  are 
undergoing  disintegration  (figs.  375,  376).  These  observations  are 
easily  made  in  the  frog. 


Fio.  376.— Mdcods 


Since  the  leucocytes  are  amceboid,  it  is  probable  from  these  facts 
that  the  mechanism  of  fat-absorption  consists  of  the  following  processes 
— viz.  (1)  absorption  or  formation  of  fat  in  the  columnar  epithelium- 
cells  of  the  sur&ce ;  (2)  ejection  of  fat-granulee  from  the  epithelium 
into  the  tissue  of  the  villus ;  (3)  inception  of  fat  by  leucocytes, 
these  taking  it  up  after  it  has  passed  out  of  the  epithelium  cells ;  (4) 
migration  of  leucocytes  carrying  fat  particles  through  the  tissue 
of  the  villus  and  into  the  central  lacteal;  {5)  disintegration  and  solution 
of  the  immigrated  leucocytes,  and  setting  free  their  contents.  Since 
fat-particles  are  never  seen  in  the  striated  border  of  the  columnar 
cell  it  is  probable  that  the  fat  first  becomes  saponified  by  the  action  of 
the  digestive  juices,  and  reaches  the  epithelium-cell  in  the  form  of 
dissolved  soap ;  the  fat  which  is  seen  and  stained  by  osmic  acid  within 
the  cells  having  become  re-formed  by  a  process  of  synthesis. 

In  some  young  animals  (puppy,  kitten)  the  fat  which  is  undergoing 
absorption  is  seen  not  only  in  the  epithelium-cells  and  leucocytes,  but 
also  in  the  form  of  streaks  of  liquid,  stained  black  by  osmic  acid,  in  the 
interstices  of  the  reticular  tissue  of  the  villi.     It  has  probably  passed 
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out  from  the  epithelium  in  a  dissolved  condition  by  a  kind  of  reversed 
secretion. 

The  migration  of  leucocytes  into  the  lacteals  of  the  villi  is  not 
a  special  feature  of  absorption  of  fat,  but  occurs  also  when  absorp- 
tion of  other  matters  is  proceeding  (fig.  370);  the  transference  of 
fat-particles  is  merely  a  part  of  a  more  general  phenomenon  of 
migration  of  leucocytes  which  accompanies  the  process  of  absorption. 

The  large  intestine  has  the  usual  four  coats,  except  near  its  termina- 
tion, where  the  serous  coat  is  absent.  In  man  the  muscular  coat  is 
peculiar  in  the  fact  that  along  the  caecum  and  colon  the  longitudinal 
muscular  fibres  are  gathered  up  into  three  thickened  bands  which 
produce  puckerings  in  the  wall  of  the  gut. 

The  mucous  membrane  of  the  large  intestine  is  beset  with  simple 
tubular  glands  somewhat  resembling  the  crypts  of  Lieberkiihn  of  the 
small  intestine,  and  lined  by  columnar  epithelium  similar  to  that  of 
the  inner  surface  of  the  gut,  but  containing  many  more  mucus  secreting 
or  goblet-cells  (fig.  377).  The  blind  extremity  of  each  gland  is  usually 
slightly  dilated.  These  glands  of  the  large  intestine  are  not  strictly 
homologous  with  the  crypts  of  the  small  intestine,  for  whereas  the 
latter  are  developed  as  depressions  in  the  general  surface  between  the 
villi,  the  glands  of  the  large  intestine  are  formed  by  the  growing 
together  of  villus-like  projections  of  the  surface.  The  interglandular 
tissue  is  a  reticular  tissue  and  is  beset  here  and  there  with  solitary 
glands,  especially  in  the  caecum.  The  mucous  membrane  of  the 
vermiform  appendix  is  in  great  part  of  its  extent  packed  full  of 
lymphoid  nodules. 

The  arrangement  of  the  blood-vessels  and  lymphatics  in  the  large 
intestine  resembles  that  in  the  stomach.  The  nerves  of  the  large 
intestine  also  resemble  those  of  the  stomach  and  small  intestine  in 
their  arrangement. 

At  the  lower  end  of  the  rectum  the  circular  muscular  fibres  of  the 
gut  become  thickened  a  little  above  the  anus  to  form  the  internal 
sphincter  muscle.  In  the  anal  region  there  are  a  number  of  compound 
racemose  mucous  glands  opening  on  the  surface  of  the  mucous  mem- 
brane (anal  glands).  The  anus  has  a  lining  of  stratified  epithelium 
continuous  with  that  of  the  skin. 
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LESSONS   XXSIV.   AND    XXXV. 


THE  LIVER  AND  PANCREAS. 


1,  SBCTiosa  ot  iiver  are  to  be  studied  carefully.  They  may  be  stained  with 
eosiii  and  hfematoxylin ;  or  by  eosin  "and  methyletie-bliie  after  MuiHs 
metbod  (see  Appeudix).  Sketch  tbe  general  arrungemeut  of  the  celU  in  a. 
lobule  nnder  the  low  power;  and  under  the  high  power  make  very  careful 
drawings  of  some  of  the  hepatic  cells  and  aiao  ot  a  portal  canal.  If  from  the 
pig,  the  outliuea  of  the  lobulea  are  observed  to  be  very  well  marked. 

Notice  that  the  hepatic  cells  are  in  iutiniate  contact  with  the  blood-capil- 
laries or  sinoaoids.  Some  ceils  may  be  found  to  contain  red  blood-corpuaeles ; 
many  are  filled  with  eosinophil  granules.  Notice  in  the  ainusoid  capillaries 
the  large  partly  detached  endoUielial  cells  (cells  of  KupJTer).  Theae  also 
frequently  contain  erythrocytes,  which  appear  to  ba  in  prncesa  of  deatructioii. 

S.  To  observe  the  glycogen  within  the  liver-celU,  kill  a  rabbit  or  rat  (pre- 
ferably about  aix  hours  after  a  full  meal  of  carrot),  and  at  once  throw  a  thin 
piece  of  the  liver  into  96  per  ceiit,  alcohol.  When  well  hardeneil  the  piece 
may  be  embedded  in  parallin  in  the  usual  way,  or  sections  may  be  cut  with 
tbe  free  hand  without  embedding.  Some  of  the  sections  so  obtained  are  to 
be  treated  with  a  1  per  cent,  sniutioo  of  iodine  \a  potasaium  iodide  for  five 
minutes  ;  they  may  then  be  mounted  in  a  nearly  Baturate<l  aolutiou  of  potaa- 
sium  acetate,  the  cover-glass  being  cemented  with  gold  siiw. 

3.  Presence  of  iron.  Other  sections  of  alcohol -hardened  liver  are  to  be 
treated  first  with  potassium  ferrocyanide  solution  and  then  with  hydrochloric 
acid  and  alcohol  (1  to  10),  passed  through  abaolut^  alcohol  into  xylol,  and 
mounted  in  dammar ;  in  these  many  of  the  pigment  granules  will  be 
etained  blue  (Prussian  blue).  Or  the  sections  may  simply  be  placed  in  an 
aqueous  solution  of  hematoxylin  (1  to  300),  with  or  without  previous  treat- 
ment with  alcohol  containing  10  parts  per  cent,  hydroclilonc  acid  (to  set 
free  organically  combined  iron),  after  which  they  are  mounted  in  the  ordinary 
way  (Macallum'e  roetho<l). 

4.  Study,  first  with  the  low  power  and  afterwards  with  the  high  power, 
a  Bection  of  tbe  liver  in  which  the  blood^veaaela  Iiave  been  injccteil.  Almoat 
inyariably  the  injection  will  be  found  to  have  penetrated  into  canaliculi 
within  the  liver-cells  themselvea.  Make  a  general  sketch  of  a  lobule  under 
the  low  power  and  draw  a  small  part  of  the  network  of  blood-vessels  and 
intracellular  canaliculi  under  the  high  power. 

5.  Take  a  small  piece  of  liver  which  has  been  several  weeks  in  2  per  cent. 
bichromate  of  pota*wiiim  solution  or  Miiller's  fluid  and  plunge  it  m   1  per 

I  cent,  nitrate  of  silver  aolution,  changing  the  fluid  after  half  an  hour.  Leave 
the  piece  of  liver  in  the  silver  solution  overnight.  It  may  then  be  trans- 
ferrM  to  alcohol,  and  after  complete  dehydration  embedded  and  cut  in 
paraffin  in  the  usual  way  and  the  sections  mounted  in  dammar.  In  many 
parts  of  such  aectiona  the  bile-canaliculi  are  stained. 

They  can  also  be  brought  to  view  (at  the  periphery  of  the  lobulea)  by 
injection  with  solution  of  Berlin  blue  from  the  hepatic  duct ;  or,  throughout 
the  whole  of  the  lobule,  by  injecting  about  60  c.c.  of  saturated  sulphiudi- 
gotate  of  soda  solution  in  three  aoccessive  portions,  at  intervals  of  half  an 
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honr,  into  the  blood-yeaai-lB  of  an  aiiiesthotized  cat  or  rabbit.  Two 
huiirs  after  the  last  injection  the  animal  is  killed,  anil  the  blood-vesseU 
waalied  out  witli  saturated  solution  of  potaBaium  chloride.  The  organ  is 
then  fixed  with  absolute  alcohol.  Uut  the  chromate  of  silver  method  is 
easier  and  surer  than   the  injettion  metlioda. 

6.  Tease  a  jiiece  of  Imah  liver  in  serum  or  salt  solution  for  the  studj  of 
the  appearance  of  the  hepatic  cells  In  the  recent  or  living  condition. 

T.  Stained  sections  of  pancreas  from  a  glauil  which  has  been  hardened  in 
aluohnl,  or  in  ffirmol  followed  by  alcohol.  The  aectitma  may  be  double 
stained  with  eoaiu  and  hiematoxvlin  or  with  eoain  and  metn/lene  blua 
Notice  the  islets  of  Langerhana  between  the  tUveoli ;  largest  and  most 
evident  In  animals  which  have  been  long  fauting  and  also  very  well  marked 
after  the  gland  ha»  been  stimulated  by  secretin. 

Make  sketches  under  both  low  and  high  power. 

H.  Tease  a  suiall  piece  of  fresh  pancreas  in  senini  or  salt  solution.  Notice 
the  tn«nuies  in  the  alveolar  cells,  chiefly  accumulattKl  in  the  lialf  •>!  the  ceil 
whicli  \a  ue.irest  the  lumen  of  the  alveolus,  leaving  the  outer  zona  of  the 
cell  cleai'. 

Sketch  a  small  portion  of  an  alveolus  luider  a  high  power. 

9.  The  diicta  of  the  pancreas,  and  the  termination  of  aerve-fibreH  in  the 
alveoli  tuay  be  Mean  in  preparations  made  by  the  Golgi  method. 


The  liver  is  a  solid,  glandular  organ,  made  up  of  the  fteijalic  lobulei. 
These  are   polyhedral   maBsea   (fig.   378)  about    1    mm.  (j".  inch)  in 


diameter,  composed  of  cells,  and  separated  from  one  another  by 
connective  tisBao.  In  some  animnla,  as  in  the  pig,  this  separation 
is  complete,  and  each  lobule  is  iaolated,  but  in  man  and  most  animals 
it  is  incompleta     There  is  also  a  layer  of  connective  tissue  underneath 
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Sifts 


the  serouH  covering  of  the  liver,  forming  the  ao-callBd  capsule  of  the  J 
■organ.  Ea^h  lobule  ia  penetrated  by  a  fine  network  of  reticular  1 
tissue  which  hel{>s  to  support  the  columns  of  cells  within  the  lobule  I 
(fig.  379). 

The  afferent  blood-vessels  of  the  liver  (portal  vein  and  hepatic  artery)  I 
enter  it  on  its  undei-  surface,  H-here  also  the  bile-duct  passes  away  from  ' 
the  gland.     The  branches  of  these  three  vessels  accompany  one  another 
in  their  course  through  the  organ,  and  are  inclosed  by  loose  connective 


tissue  (rrt/i^H/p  '//  GUsson),  in  which  are  lymphatic  vessels,  the  whole 
being  termed  a  pwlal  (uiiuU  (fig.  3^0).      The  smaller  branches  of  the 
Tesseia  penetrate  to  the  intervals  between  the  hepatic  lobules,  and 
are  known  as  the  interlobular  branches.     The  blood  leaves  tbe  liver  | 
at   the   back   of  the   organ    by   the    hepatic  veins;    the    branches  of  \ 
these  run  through  the  gland  unaccotupanied  by  other  vessels  (ex 
lymphatics)   and    can   also   be   traced   to   the   lobules,  from   each   of   | 
which   they  receive  a  minute    branch   (central    or  intralobular  vein)    | 
which  passes  from  the  centre  of  the  lobule,  and  opens  directly  into    I 
tbe  (sublobular)  branch  of  the  hepatic  vein.  , 

Each  lobule  is  a  mass  of  hepatic  cells  pierced  everywhere  with  i 
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network  of  sinusoid  blood-vessels,  the  so-called  hepatic  capillaries 
(fig.  378),  which  at  the  periphery  of  the  lobule  receive  blood  from  the 
interlobular  branches  of  the  portal  vein  (p),  and  converge  to  the  centre 
of  the  lobule,  where  they  unite  to  form  the  intralobular  branch  of  the 
hepatic  vein.  The  interlobular  branches  of  the  hepatic  arteries  join 
this  network  a  short  distance  from  the  periphery  of  the  lobule.  The 
blood-capillariea  are  in  direct  contact  with  the  liver  cells;  indeed,  it 
would  appear  as  if  the  endothelium  is  deficient,  for  artificial  injections 
are  seen  to  be  in  contact  with  the  cells  and  even  pass  between  their 
interstices  and  run  into  canaliculi  within  their  protoplasm.  The 
endothelium   of  the  blood-vessels  (or  sinusoids)  is  in  part  at  least 


represented  by  certain  conspicuous  cells  which  occur  at  intervals  on 
the  wall  of  the  sinusoids,  and  lie  in  contact  with  the  liver  cells. 
These  cells  were  described  by  Kupffer.  They  are  phagocytic,  like 
the  endothelial  cells  of  the  blood-sinuses  of  the  spleen,  and  ingest 
erythrocytes,  which  can  be  seen  within  them. 

The  hepatic  ceUs,  which  everywhere  lie  between  and  surround  the 
capillaries,  are  polyhedral,  somewhat  granular-looking  cells,  each 
containing  a  spherical  nucleus.  The  protoplasm  of  each  cell  is 
pervaded  by  an  irregular  network  of  fine  canaliculi  (fig.  383),  which 
in  preparations  of  injected  liver  become  filled  with  the  injection 
material,  which  has  passed  into  them  from  the  blood-vessels  (Herring 
and  Simpson).  They  thus  form  a  system  of  intracellular  canals  which 
probably  receive  the  blood-plasma  directly  from  the  vessels.  Such 
canals  were  conjectured  to  exist  by  Browicz,  who  showed  that  under 


THE  LIVER. 

("certain   eircumstancea   not   only    h'emoglobin    but    whole    red    blood 

I  eorpuacles  and  even  group')  of  blood  eorpuacles  which  are  in  process 

[  of  breaking  down    are  to  be    found   in   the  interior   ot   the  hepatic 

1  cells      In   the   dog  s   liver   both   h"Bmoglobin  and   bilirubin   niaj    be 

found   in    the    form  of  crvstala  withm   the   nuclei    of  the  liver-cells 

(Browicz)      It  IS  easy  to  inject  these  minute  canals  fiorei  the  blood 

md   they  are  clearlv  shown  filled    with  the  injection  maes 

in    the   preparation    of  injected   liver   of  rabbit    shown    in    fig    3f4 

Beaide'i  these   plasma  channels    the   liver  cells  may  ahow    hue    abort 


canals  which  communicate  with  the  intercellular  bile-ducts  (see  below) 
and  generally  commence  within  the  cell  by  a  dilatation  (aecretion- 
vacnolea). 

After  a  meal  many  of  the  liver  cells  may  contain  fat,  and  masses 
of  glycogen  can  also  he  seen  within  them  (fig.  385)  if  the  liver 
be  hai-dened  in  alcohol  and  treated  in  the  manner  described  in 
section  2.  The  cells  also  contain  pigment-granules,  many  of  which 
are  stained  by  potaasium  ferrocyanide  and  hydrochloric  acid,  or  by 
pure  htematoxylin  (preaenee  of  iron^). 

The  dncta  commence  between  thehepatic  cells  in  the  form  of  inter- 
ixllular  bUe-eannlicuU,    which    lie    between    the   adjacent    sides    of  the 


The  bila-diiiits  are  lined  by  cleiir  columnar  epithelium  (flg.  380,  d). 
Outside  this  is  a  hasemeiit-membrane,  and  in  the  lai^er  ducts  some 
fibrous  and  plain  muscular  tissue.  Many  of  the  large  ducts  are 
litjl  blind  diverticula. 

The  gall-hladdei  ia  in  its  general  structure  similar  to  the  larger 
hile- ducts.  It  is  lined  by  columnar  epithelium,  and  its  wall  is 
formed  of  fibrous  and  muscular  tissue. 


Tlie  lympliaticB  of  the  liv 
perivascular  lymphatic  spac( 
(MacGillavry),    But  this  can 


THE  LIVER 

liver  have  been  described  as  commencing  as 

;  the  capillaries  of  the  lobules 

re  is  no  space  between 


""^■VWi 


Fio.  3l>-LlVhR  chlLs  Duiihum   from  Kirfurth.) 

B  liver-cells  mj  the  biim-.  ml     iinllxiiii  with  which  thev  coma  into 
I  'immediate  relationship  (HeiTing  and  Simpson)      All  that  cin  "be  posl- 
'  'lively  asserted  is  that  there  irc  numerous  lymphatics  accompftiiyiiig  the   ' 
branches  of  the  [wital  \ein    and  others    less  nuroeroua    accompanying 


3ie 
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the  tributaries  of  the  hepatic  veins,  but  so  far  as  cau  be  ascertained  no 
direct  communication  exists  between  the  two  sets  of  lymphatics  within 
the  lobules,  although  they  communicate  freely  near  their  exit  fitim 
the  liver.     Most  of  the  lymph  passes  out  by  the  portal  lymphatics. 

Nerves  are  described  as  distributed  both  to  the  blood-veasela  and  to 
the  liver-cells. 

THK   PANCREAS. 

The  pancreas  is  a  tubulo-racemose  gland,  resembling  the  salivary 
far  as  its  general  structure  is  concerned,  but  differing  from 


(Bohm  and  V    Duvidoff  )     H'. 


them  in  the  fact  that  the  alveoli  are  longer  and  more  tubular  in 
character.  Moreover,  the  connective  tissue  of  the  gland  is  somewhat 
looser,  and  there  occur  in  the  glandular  substance  here  and  there 
small  groups  of  epithelium-like  cells  unfurnished  with  ducta  (islets 
of  Langerluins)  (fig.  386  a :  fig.  387),  which  are  supplied  with  a 
close  network  of  large  convoluted  capillary  vessels  (fig.  388).  Their 
function  is  unknown,  but  their  presence  ia  very  characteristic  of  the 
pancreas.  They  increase  in  size  during  starvation  and  also  as  the 
result  of  increasing  the  activity  of  the  gland  by  injection  of  secretin 
(Dale),  apparently  at  the  expense  of  the  proper  glandular  alveoli. 
The  degeneration  which  they  sometimes  undergo  in  cases  of  diabetes 


THE  PANCEEAS. 


mellituB  aeema  to  suggest  that  they  are  concerned  with  the  influence 
exerted  by  the  pancreas  on  the  metabolism  of  carbohyd rates. 


FiQ.  387. —Section  e 


The  cells  which  hne  the  itlveoh  are  columoar  or  polyhedral  in  sbape. 
When  examined  in  the  tresh  condition,  or  in  sections  stained  by 
certain  methods  their  protoplasm  is  "ieen  to  be  filled  in  the  inner 
iwo-thirda    with      i^n  ika    bit    the    outtr   third    ia    left   clear   or  is 


.JPlo,  388.— Injection 


(KuLuB  dad 


striated  (fig.  390,  A;  fig.  386).     After  a  period  of  activity  the  clear 

part    of    the    cell    becomes    larger,    and    the   granular    part    smaller 

(fig.    390,    if).      In    hajTOatoxylin -stained   sections   the   outer  part  is 

I  floured  more  deeply  than  the  inner  (fig.  387). 
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PancreaA  cells  frequently  exhibit  a  rounded  masa  of  granulee  or 
tibrils  (mitochondria)  near  the  nucleua,  which  is  known  as  the  para~ 
nucleus  (Nebenkem) :  this  is  probably  related  to  the  secretory  activity 
of  the  cells  (see  p.  5). 


'  cell^,''^™  ' 


In  the  centre  of  each  acinus  there  may  generally  be  seen  some 
spindle-shaped  cells  {cmlro-aanar  cells  of  Langerhans — fig.  386,  d),  the 
nature  of  which  has  not  been  definitely  determined  ;  but  they  appear  to 
be  continued  from  the  cells  which  line  the  smallest  ducts  (fig.  386,  e) 


Fig.  390. -Past  ok 
B,  AKTEB  Acrn 

'K^BK^bS 

ION.     (From  Foster,  i 

ifter  kilhr 

b  ii,  A  1.  larg«^«>d  , 

and  coarser 
indentaCiot 

Sometimes  they  are  much  more  conspicuous  and  fill  the  parts  of  the 
alveoli  which  are  nearest  to  the  duct  (fig.  389);  in  these  cases  the  mass 
of  cells  which  they  form  is  liable  to  be  mistaken  for  a  Langerhans'  islet. 


THE  PANCREAS. 

Diverticula  from  the  lumen,  of  the  alveolus  penetrate  between  the  J 
alveolar  cells  (fig.  391),  as  in  the  salivary  glands  (p.  285).  The  pancreaa  J 
has  many  nerves,  with  numerous  small  nerve-cells  distributed  upon  I 


%^iM^ 


their  course ;  the  nerve-fibrils  end  by  ramifying  amongst  the  cells  of 
the  alveoli,  as  in  the  salivary  glands.  In  the  cat,  which  has  Pacinian 
bodies  in  its  mesentery,  these  terminal  organs  are  also  found  numer- 
ously in  the  substance  of  the  pancreas  (V.  D.  Harris). 


320  THE  ESSENTIALS  OF  HISTOLOGY. 


LESSON    XXXVI. 

STRUCTURE  OF  THE  KIDNEY. 

I.  Sections  passing  through  the  whole  kidney  of  a  small  mammal,,  such  as  a 
mouse  or  rat.  These  sections  will  show  the  general  arrangement  of  the  organ 
and  the  disposition  of  the  tubules  and  of  the  Malpighian  corpuscles. 

2.  Thin  sections  of  the  kidney  of  a  larger  mammal,  such  as  the  dog  or  cat, 
may  next  be  studied.  In  some  the  direction  of  the  section  should  be  parallel 
with  the  rays  of  the  medulla,  and  in  others  across  their  direction.  The 
characters  of  the  epithelium  of  the  several  parts  of  the  uriniferous  tubules 
and  the  structure  of  the  glomeruli  are  to  be  made  out  in  these  sections. 

3.  Separate  portions  of  the  uriniferous  tubules  may  be  studied  in  teased 
preparations  from  a  kidney  which  has  been  macerated  in  diluted  hydro- 
chloric acid  (1  to  5  water).  This  renders  it  possible  to  unravel  the 
uriniferous  tubules  for  some  distance. 

4.  Thick  sections  of  a  kidney  in  which  the  blood-vessels  have  been 
injected.  Examine  these  with  a  low  power  of  the  microscope.  Follow  the 
course  of  the  arteries — those  to  the  cortex  sending  their  branches  to  the 
glomeruli,  those  to  the  medulla  rapidly  dividing  into  pencils  of  fine  vessels 
which  run  between  the  straight  uriniferous  tubules  of  the  boundary  zone. 
Notice  also  the  efferent  vessels  from  the  glomeruli  breaking  up  into  the 
capillaries  which  are  distributed  to  the  tubules  of  the  cortical  substance. 


The  kidney  is  a  compound  tubular  gland.  To  the  naked  eye  it 
appears  formed  of  two  portions — a  cortical  and  a  medullary.  The  latter 
is  subdivided  into  a  number  of  pyramidal  portions  (pyramids  of 
Malpighi),  the  base  (boundary  zone)  of  each  being  surrounded  by 
cortical  substance,  while  the  apex  projects  in  the  form  of  a  papilla  into 
the  dilated  commencement  of  the  ureter  (pelvis  of  the  kidney).^  Both 
cortex  and  medulla  are  composed  entirely  of  tubules — the  uriniferous 
tubules — which  have  a  straight  direction  in  the  medulla  and  a 
contorted  arrangement  in  the  cortex;  but  groups  of  straight  tubules 
also  pass  from  the  medulla  through  the  thickness  of  the  cortex 
(medullary  rays). 

The  uriniferous  tubules  begin  in  the  cortical  part  of  the  organ  in 
dilatations,  each  inclosing  a  tuft  or  glomerulus  of  convoluted  capillary 
blood-vessels  (corpuscles  of  Malpighi),  the  dilated  commencement  of  the 
tubule  being  known  as  the  capsule  (fig.  396,   1).      The  glomerulus  is 

^In  many  animals  [e.g.  dog,  cat,  rabbit,  most  monkeys)  the  whole  kidney  is 
formed  of  only  a  single  pyramid,  but  in  man  there  are  about  twelve. 


UEINIFEROUS  TUBULES. 

lobulated  (figs.  394,  395) ;    the  lobules  being  united  by  the  afferent 
Vnd  efferent  vessels  and  covered  by  a  syncytium  reflected  from  the 


Fio.   392.-D1AG 

nb^,°buch\ 

B   THiT  Ol-   TUB  BABBIT.      (ToMt.) 

u,  MalpighlaD  bodies  :  '.,  firs 
^bVoiutsd 

;/, 

"oUaoSL^tub^  ;  ff,  duc'S'^Bel^t*  ''""'^  ■  ''  """"^ 

t 

i 

" 

Fig.    303.— Sectzos   thhouoh    pskt   of    a 

IK)G8   Kn>NEY.       (Ludwig.) 

P 

S 

""'r,  corllcai 'layor';   i,  biindloB  of  tubulM  In  the 

buucliea  of  vbsbbIb  (not  here  repreaentod),  sad 
lirifloTiged  iDto  the  cortex  as  tbe  RiHiullary  nst, 

Toluted  tiibulBS.  with  IrronulKr  rows  of  glomeruli, 
between  Iho  modullBry  rsya. 

I  flpith<4lium  lining  the  capsule.  The  glomeruli  near  the  medulla  are 
I  larger  than  the  rest  and  have  more  lobules.  The  capillary -wall  in  all 
I  the  glomeruli  is  a  syncytium,  showing  no  cell-outliiiea  in  silver  pre- 
I  parations  (Drasch), 
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The  tvMe  leaves  the  capsule  by  a  neek  (2),  which  is  rarely  narrower 
thim  tb«  rest  of  the  tubule  in  mammalB,  but  in  some  animals  {«.?.  frog) 


Fig.  39B.— Mopbl 
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ig,  and  has  ciliated  epithelium ;  the  tubule  is  at  first  convoluted 
amvoltited  tubule,  3),  but  soon  becomes  neiarly  atralght  or  slightly 
I  ouly  (spifal  Ivbule,  4),  and  then,  rapidly  narrowing,  passes  down 


the  medulla  towards  the  dilated  commencement  of  the  ureter  as 
iestending  tubule  of  Henle  (5).  It  does  not  at  once,  however,  open 
the  pelvis  of  the  kidney,  but  before  reaching  the  end  of  the 


824 


THE  ESSENTIALS  OF  HISTOLOGY. 


papilla  it  turns  round  in  the  Ibrm  of  a  loop  (ftwp  oj  Eenle,  6)  and  puses 
npwardB  again  towards  the  cortex,  parallel  to  its  former  course,  and  at 
first  somewhat  larger  than  before,  but  afterwards  diminishing  in  size 

(ascending  tubule  of  SenU,  7,  8,  9).  Arrived  at  the  cort«x  it  approachea 
close  to  the  capsule  &om  which  the  tubule  took  origin,  but  at  a  point 
opposite  to  the  origin,  viz.  near  the  afferent  and  efferent  vessels  of  the 
glomerulus  (Golgi).  It  then  becomes  larger  and  irregularly  zigzag 
{^gsag  or  irregular  lubide,  10),  and  may  again  be  somewhat  convolut«d 
(seamd  ettnvoluted  tubule,  11),  eventually,  however,  narrowing  into  a 
small  vessel  (junctional  tubule,  12),  which  joins  a  straight  or  colleeiiT\g 
tubule  (13).  The  last-named  unites  with  others  to  form  large  collecting 
tubes  which  pass  through  the  medul- 
lary substance  of  the  kidney  (14)  to 
open  at  the  apex  of  the  papilla  as  the 
ducts  of  Bellini  (15). 

The  tubules  are  throughout  bounded 
by  a  basement  membrane,  which  is 
lined  by  epithelium,  but  the  characters 
of  the  epithelium  cells  vary  in  the 
different  parts  of  a  tubule.  In  the 
capsule  the  epithelium  is  flattened  and 
ia  reflected  over  the  glomerulus.  In 
some  animals  (e.g.  mouse)  the  granular 
epithelium  of  the  convoluted  tube  is 
prolonged  a  little  way  into  the  capsule. 
In  the  first  convoluted  and  spiral  tubules 
e  cells  are  markedly  granular,  with  a 
arranged  in  lines  perpendicular  to  the 
'  fibrillar  appearance,  fig,  397).  The 
granules  of  the  cells  are  particularly  well  displayed  in  sections  stained 
by  Muir's  method ;  they  are  eosinophil,  like  the  granules  of  secreting 
cells  generally.  They  often  exhibit  a  brush  of  oilium-like  processes 
projecting  into  the  lumen  (figs.  397,  400),  but  these  are  not  vibratile 
in  mammals.  In  the  narrow  descending  limb  of  the  looped  tubules, 
and  in  the  loop  itself,  the  cells  are  clear  and  flattened  and  leave 
a  relatively  large  lumen ;  in  the  ascending  limb  they  again  acquire  a 
granular  structure  and  may  nearly  fill  the  lumen.  The  arrangement 
of  the  cell-granules  in  lines  perpendicular  to  the  basement-membrane 
IS  still  more  marked  in  the  zigzag  tvbules,  and  a  similar  structure 
is  present  also  in  the  second  convoluted  tubules,  into  which  these  pass. 
On  the  other  hand,  the  juncticmal  tubule  has  a  laige  lumen  and  is 
lined  by  clear  flattened  cells,  and  the  cdleeting  tubes  have  also  a  very 


the  epithelium  is  thick,  and 
tendency  for  the  granules  to 
basement-membrane  (redded 
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distinct  lumen  and  are  lined  by  a  clear  cubical  or  columnar  epithelium 
(tig.  398,  a) 


{Oodutt ) 

r  blood-capillulH. 


The  following  gives  a  tabular  view  of  the  parts  which  compose  a 
uriuiferoua  tubule,  and  the  nature  of  the  epithelium  in  each  part  :— 


POBTIOH  OF  TCBO 


Firetoc 


tube  of  H< 
Zf{p^  tube 


JuDotional  tube    . 

Straight   or    collecting 
iabe  .        .        .        , 
Ihict  of  Bellini 


Flattened,  reflected  over  glomerulus, 
where  its  cells  form  a  syncytium. 

Cubical,  eranutar,  with  Appearaoce 
of  flbriliation  ( "  roddad  "),  the  cells 

Like  the  last 

Clear  flattened  celU  .... 

Like  the  last 

Cubical,  granular;    the  oelli  aome- 

CellB  Btrongly  "rod'ded":  yarying 
height,  lumen  smaU        ,         .         . 

Similar  to  first  convoluted  tube,  but 
oolU  are  longer,  with  larger  nuclei, 
and  tbey  have  a  loore  refractive 

Clear  flattened  and  cubical  cells 

Clear  cubical  and  columnar  cells 

Clear  columnar  cells .... 

The  part  of  the  cortex  between  and  surrounding  the  medullt 


Labyrinth  of  cortex . ' 
Labyrinth  of  cortex. 

Medullary    ray    ■ 

Boundary  zone  and 
partly  papillary 
zone  of  medulli 

Fapillary    zone 
medulla. 

Medulla,  and  medul- 

Labyrinth  of  cor 
Uhyrinth  of  cor 


Labyrinth  possinf 
medullary  ray. 

Uedullary  ray  a 
medullL 

Opens   at   apex   of 

.ry  rays  ia  so  nami 
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Blood-TeaselB. — The  renal  artery  divides  into  branches  on  entering 

the  organ,  and  these  branches  pass  towards  the  cortex,  forming 
incomplete  arches  between  the  cortex  and  the  medulla  (fig.  399,  o). 
The    branches   of    the   renal   vein    form   similar  but    more   complete 


Fig.  399.— Vascular  s 


4BT.     (Cailiat.)    Diagrammatic. 

c,  glouierulua  ;  d,  efferent  veaael  pHiBing 

rtes  of  i^ortei    /,  cnpillarlea  of  medulli ; 


arches  (3).^From  the  arterial  arches  vessels  pass  through  the  cortex 
(cortical  or  mterlobidar  arteries,  b),  and  give  off  at  intervals  small  arteri 
oiea  (afferent  vessHs  nf  the  (jt>meruli),  each  of  which  enters  the  dilated 
commencement  of  a  uriniferous  tubule,  within  which  its  capillaries  form 
a  glomerulus.  From  the  glomerulus  a  somewhat  smaller  efferent  vessel 
passes  out,  and  this  at  once  again  breaks  up  into  capillaries,  which  are 


BLOOD-VESSELS  OF  KIDNEY. 

dietributed  amongst  the  tubules  of  the  cortex  (e) ;  their  hlood  is 
collected  by  veins  which  run  parallel  with  the  cortical  arteries  but 
not  in  juxtaposition  with  them:  these  veins  join  the  venous  arches 
between  the  cortex  and  the  medulla ;  they  receive  blood  from  certain 
other  veins  which  arise  by  radicles  having  a  aomewhat  stellate  arrange- 
ment near  the  capsule  {vmm  stellvlfe,  j). 

The  medulla  derives  its  blood-supply  from  special  offsets  of  the 
arterial  arches,  which  almost  immediately  break  up  into  pencils  of 
fine  straight  arterioles  running  in  groups  between  the  straight  tubules 
of  the  medulla.      These  arterioles   supply  a  capillary  network  with 


ilongated  meshes  which  pervades  the  medulla  (fig.  399,/),  and  which 
terminates  in  a  plexus  of  somewhat  lai'ger  venous  capillaries  in  the 
papillte.  From  these  and  from  the  other  capillaries  the  venules  of 
the  medulla  collect  the  blood,  and  pass,  accumpanying  the  straight 
arterioles,  into  the  venous  arches  between  the  cortex  and  medulla.  The 
groups  of  small  arteries  and  veins  {vas'i  recla)  in  the  part  of  the  medulla 
nearest  to  the  cortex  alternate  with  groups  of  the  uriniferous  tubnles, 
and  this  arrangement  confers  a  striated  aspect  upon  this  portion  of  the 
medulla  {bowndary  zone,  fig.  393,  g). 

The  efferent  vessels  of  those  glomeruli  which  are  situated  nearest 
to  the  medulla  also  break  up  into  pencils  of  fine  vessels  (foLt  vasa 
recta)  which  join  the  capillary  network  of  the  medulla  (fig.  399,  d). 

jtween  the  uriniferous  tubules,  and  supporting  the  blood-vessels, 
certain  amount  of  connective  tissue  {tig.  400),  within  which  are 
■eteft-like  lymphatics. 

Nerve-fibrila  are  described  as  ramifying  amongst  the  epithelium-ealla 
of  the  tubules  (fig.  400),  but  most  of  the  nerves  to  the  kidneys  are 
listributed  to  the  blood-vessels. 
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LESSON    XXXVIL 

STRUCTURE  OF  THE  URETER,  BLADDER,   AND 
MALE  GENERATIVE  ORGANS. 

1.  Section  across  the  lower  part  of  the  ureter.    Auother  section  may  be 
taken  across  the  upper  part  near  the  pelvis  of  the  kidney. 

2.  Section  of  the  urinary  bladder  vertical  to  the  surface. 

In  the  sections  of  the  ureter  and  of  the  urinary  bladder,  notice  the  tran- 
sitional epithelium  resting  on  a  mucous  membrane,  which  is  composed  of 
areolar  tissue  without  glands  (in  most  animals),  and  the  muscular  coat 
outside  this.  In  the  ureter  there  is  a  layer  of  connective  tissue  outside  the 
muscular  coat,  and  at  the  upper  part  of  the  bladder  a  layer  of  serous 
membrane  covering  the  muscular  tissue. 

3.  Section  across  the  penis  (child  or  monkey).  The  blood-vessels  of  the 
organ  should  be  injected  with  the  hardening  fluid  so  as  the  better  to  exhibit 
the  arrangement  of  the  venous  spaces  which  constitute  the  erectile  tissue. 
Notice  the  large  venous  sinuses  of  the  corpora  cavernosa  and  the  smaller 
spaces  of  the  corpus  spongiosum,  in  the  middle  of  which  is  seen  the 
(flattened)  tube  of  the  urethra. 

4.  Section  across  urethra  and  prostate  gland  (childi  or  monkey).  Notice 
the  glandular  tubes  and  the  plain  muscular  tissue  of  the  prostate,  and  the 
character  of  the  urethral  epithelium. 

5.  Section  of  testis  and  epididymis.  The  sections  may  be  made  from 
a  rat's  testis  which  has  been  hardened  in  alcohol ;  they  can  be  stained 
with  iron-hsematoxylin.  In  these  sections  notice  the  strong  capsule  sur- 
rounding the  gland,  the  substance  of  which  consists  of  tubules  which  are 
variously  cut ;    and  the  epithelium  of  the  tubules,  which  is  in  different 

E bases  of  development  in  different  tubules.  Observe  the  strands  of  poly- 
edral  interstitial  cells,  much  more  numerous  in  some  animals,  lying  in  the 
loose  tissue  between  the  tubules ;  also  the  lymphatic  clefts  in  that  tissue. 
Notice  in  sections  through  the  epididymis  the  epithelium  of  that  tube. 

Sketch  carefully  under  a  high  power  the  contents  of  some  of  the  semini- 
ferous tubules  to  illustrate  the  mode  of  formation  of  the  spermatozoa. 

6.  Examination  of  spermatozoa.  Spermatozoa  may  be  obtained  fresh  from 
the  testicle  or  seminal  vesicles  of  a  recently  killed  mammal  and  examined  in 
saline  solution.  Their  movements  may  be  studied  on  the  warm  stage  ;  to 
display  their  structure  a  very  high  power  of  the  microscope  is  necessary. 
They  may  be  preserved  and  stained  as  "  film  "  preparations,  as  with  marrow 
(p.  30). 

The  ureter  (fig.  401)  is  a  muscular  tube  lined  by  mucous  membrane. 
The  musaalar  coat  consists  of  two  layers  of  plain  muscular  tissue,  an 
outer  circular,  and  an  inner  longitudinal.  In  the  lower  part  there 
are  some  longitudinal  bundles  external  to  the  circular.  Outside  the 
muscular  coat  is  a  layer  of  connective  tissue  in  which  the  blood-vessels 
and  nerves  ramify  before  entering  the  muscular  layer. 


THE  BLADDER.  Z29 

The  mucous  membrane  is  composed  of  areolar  tissue  and  is  lined  by 
transitional  epithelium  (fig.  402), 

The  nrilUUT  bladder  has  a  muscular  wall  lined  by  a  strong  i 
membrane  and  covered  in  part  by  a  serous  coat. 


Fio.  401.— Skotios  acboss  thb  offer  part  of  t, 
Hagnifiert  14  diameters. 
t,  «plth«Iliiia ;  1,  mucoiu  msmbnua ;  I,  longltnilliiml  m 


Flo,  40a.— Seotio.i  0 


The  musoila^  coal  consists  of  three  layers,  but  the  innermost  is 
incomplete.  The  principal  fibres  run  longitudinally  and  circularly, 
and  the  circular  fibres  are  collected  into  a  layer  of  some  thickness  which 
immediately  surrounds  the  commenoement  of  the  urethra.  The  mucous 
membrane  is  lined  by  a  transitional  stratified  epithelium  like  that  of 
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the  ureter.     The  shape  and  structure  of  the  cells  have  already  beeo 

studied  {p.  55).     Many  of  the  superficial  cells  have  two  nuclei. 

The  nerves  to  the  bladder  form  gangliated  plexuBes,  and  are  dis- 
tributed to  the  muscular  tissue  and  blood-vessels,  but  some  are  said  to 
enter  the  epithelium. 

The  penis  is  mainly  composed  of  cavernous  tissue  which  is  collected 
into  two  principal  tracts— the  e&rpm-a  cavernosa,  one  on  each  side,  and 
the  corpus  sponfftosi^rt  in  the  middle  line  inferiorly.  All  these  are 
bounded  by  a  strong  capsule  of  fibrous  and  plain  muscular  tissue,  con- 
taining also  many  elastic  fibres  and  sending  in  strong  septa  or  trabecule 


Fia.  403.— Sbotion  o 


of  the  same  tissues,  which  form  the  boundaries  of  the  cavernous  spaces 
of  the  erectile  tissue  (fig.  403).  The  arteries  of  the  tissue  run  in  these 
trabeculie,  and  their  capillaries  open  into  the  cavernous  spaces.  On 
the  other  hand,  the  spaces  arc  connected  with  efferent  veins.  The 
arteries  of  the  cavernous  tissue  may  sometimes  in  injected  specimens 
be  observed  to  form  looped  or  twisted  projections  into  the  cavernous 
spaces  {helkine  arteties  of  Milller),  into  which  they  may  open  directly. 

The  integument  of  the  penis  and  cHtoris,  especially  that  of  the 
glans,  contains  numerous  special  nerve  end  oi^ans  of  the  uattire  of  end- 
bulbs  (see  p.  169),  and  Pacinian  bodies  are  also  found  upon  the  nerves. 
Lymphatic  vessels  are  numerous  in  the  integument  of  the  organ  and 
also  in  the  submucous  tissue  of  the  urethra. 


THE  UEETHRA.  33P  ■ 

Urethra-^The  cross  aection  of  the  urethra  appears  in  the  middle 
of  the  corpus  apongiofiurn  in  the  torm  of  a  transverse  cleft  It  is  lined 
in  the  prostitif  part  by  transitional  bnt  eiaewhere  by  columnar 
epithelium  except  near  its  onfice  where  the  epithelium  is  itratihed 
In  the  female  urethra  it  is  stratified  throughout  The  epithelium  rest** 
upon  a  vascular  mucous  membrane  which  eontaiiis  loiiftitudinally 
disposed  plain  muscular  fibres  and  in  the  mPmbranouB  urethra,  cir 
cularly  disposed  croBS-stnated  fibres  Outside  the  mucous  membrane 
is  a  coating  ot  submucous  tissue  with  two  iaj  era  of  plain  muscular 
fibre— an  inner  longitudinal  and  in  outer  circular      Outside  this  again 


W  muscjlartiiisui    £  cpltlieli  im    C  cnn  tetl  ns 

is  a  close  plexus  of  small  veins  which  is  connected  with,  and  may  be 
said  to  form  part  of,  the  corpus  spongiosum. 

The  murous  membrane  of  the  urethra  is  beset  with  small  mucous 
glands,  simple  and  compound  (glands  of  LUtri).  There  are  also  a 
number  of  obli'jue  recesses  termed  Imutke.  Besides  these  small  glands 
and  glandular  recesses,  two  compound  racemose  glands  open  into  the 
bulbous  portion  of  the  urethra  (Gmtpn's  ghnds).  Their  acini  are  lined 
by  clear  columnar  cells  which  yield  a  mucua-like  secretion. 

The  prostate,  which  surrounds  the  commencement  of  the  urethra,  is 

a  muscular  and  glandular  mass,  the  glands  of  which  are  composed  of 

tubular  alveoU.  lined  by  columnar  epithelium,  with  smaller  cells  lyi 

^IgjfcjFeen  them  and  the  basement-membrane  (fig.  404).     Their  ducts. 


lets. 


332  THE   ESSENTIALS  OF  HISTOLOGY. 

open  upon  the  floor  of  the  urethra.  In  old  Buijjecta  the  tubules  often 
contain  collojii  or  calcareous  concretions.  The  muscular  tissue  is  of 
the  plain  variety. 

Blood-vessels  and  nerves  are  numerous.  The  nerves  are  provided 
with  small  ganglia  and  are  distributed  [lartly  to  the  muscular  tiasue, 
partly  to  the  glands,  and  others  (sensory)  to  the  capsule,  and  to  the 
wall  of  the  urethra.  The  sensory  nerves  end  in  plexuses  and  in  peculiar 
terminal  corpuscles  like  simple  Pacinian  bodies  (Timofeew). 


Fia.  405.-SECTi<iN  ok  aniiiN  n 
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The  teaticle  ia  inclosed  by  a  strong  fibrous  capsule,  the  tunica 
albuginea  (fig,  405, 1).  This  is  covered  externally  with  a  layer  of  serous 
epithelium  reflected  from  the  tunica  vaginalis.  From  its  inner  surface 
there  proceed  fibrous  processes  or  trabecule.,  which  imperfectly  subdivide 
the  organ  into  lobules,  and  posteriorly  the  capsule  is  prolonged  into  the 
interior  of  the  gland  in  the  form  of  a  mass  of  fibrous  tissue,  which  is 
known  as  the  mediastinum  testis  (fig.  405,  /).  Attached  to  the  posterior 
'margin  of  the  body  of  the  gland  is  a  mass  (spididymis)  which  when 
investigated  is  found  to  consist  of  a  single  convoluted  tube,  receiving  at 


THE  TESTICLE. 


Its  upper  end  the  efferent  ducts  of  the  testis  and  prolonged  at  its  low* 
end  into  a  thick  walled  nrnscular  tube  the  las  dejerens  which  conduotk 
the  secretion  to  the  urethra 

The  glandular  aubitanco  of  the  testicle  is  whoUy  made  up  of 
convoluted  ii^lei  which  when  unravelled  are  of  very  considerable 
length  Each  commencea  near  the  tunica  albuginea,  and  after  many 
windings  terminates,  usuaJI}   after  joining  one  or  two  others    m  a 


lotk^l 


Fig    408  — Pabsabk 


siraujki  tubide  which  passes  into  the  medtastinum,  and  there  fonoa 
I  by  uniting  with  the  jther  straight  tutules  a  network  ot  intercom 
inunicating  vessels  of  \ arming  size  which  is  known  as  the  rete  testis 
(fig  406)  From  the  lete  a  certain  number  of  efferent  tubules  arise, 
and  after  a  few  coniolition?  pass  into  the  tuVe  of  the  epididjmia 

The  slraijlt  Itbuk    iihich  lead  from    the   convoluted   seminiferous 
I      tubes  into  the  rete  teatis  are  lined  only  by  a  single  layer  of  clear 

Kid  or  cubical  epithelium      The  tiibulea  of  the  rete  also  have  a 



s  a 
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simple  epithelial  lining;  both  in  these  and  in  the  straight  tubules  the 
basement-membrane  is  absent,  the  epithelium  being  supported  directly 
by  the  connective  tissue  of  the  mediastinum. 
'  The  efferent  tubules  which  pass  from  the  rcte  to  the  epididymis  are 
lined  by  columnar  ciliated  epithelium  In  man  their  lumen  is  irregular 
in  section,  and  the  inner  surface  pitted  with  depresaionB  {intra-epithelial 
glands)  lined  by  short  clear  nor-ciliated  cells  (J.  Schaffer).  The  tvie 
of  the  epididymis  is  lined  by  long  columnar  cells  having  at  their  bases 


Fto.  407.— Section  c 


smaller  cubical  cells  with  spherical  nuclei  (fig.  407).  The  columnar  cells 
are  provided  with  what  appear  to  be  bunches  of  cilium-like  fibrils  pro- 
jecting into  the  lumen  of  the  tube.  These  apparent  cilia  are,  however, 
not  vibratile  as  was  formerly  supposed,  and  are  therefore  not  true  cilia 
{Neumann,  Myers. Ward).  They  appear  to  vary  in  development  in 
different  cells,  and  are  probably  connected  in  some  way  with  the 
formation  of  the  secretion  of  the  epididymis  and  its  extrusion  into 
the  lumen  of  the  tube.  The  epididymis  cells  exhibit  canalieuli  in 
their  cytoplasm,  which  according  to  Holmgren,  communicate  with  the 
exterior  at  the  attached  border  of  the  cell  {fig.  408).     The  tube  of 


THE  TESTICLE. 

i  the  epididymis  has  a  considerable  iimount  of  plain  muscular  tissue  in 
I  its  wall  (fig.  -107). 

The  van  defereiia  (fig,  iU9)  is  a  thick-walled  tube,  forajed  of  an  outsr 


klayer  of  longitudinal  bundles  of  plain  nmacular  tiesua ;  within  this  an 
\  dually  thick  layer  of  circular  bundles  of  the  same  tissue,  and  witbin 
L  this  again  a  thinner  layer  of  longitudinal  muscle.  There  is  a  good  deal 
k'Of  connective  and  elastic  tissue  )>etween  the  muacular  bundles.     The 
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tube  IB  lined  by  a  mucous  membrane,  the  inner  surface  of  which  is 
covered  by  columnar  non-ciliated  epithelium. 

The  ampvU(B  of  the  vasa  deferentia,  and  the  feskula  seminales,  are  in 
structure  similar  to  the  vaa  deferens,  but  their  corrugated  wails  are 
much  thinner  and  leas  muscular. 

The  connective  tissue  betweeu  the  tubules  of  the  testis  is  of  very 
loose  texture,  and  contains  numerous  Ij'mphatic  clefls,  which  form  an 
intercommunicating  system  of  commencing  lymphatic  vessels.  Lying 
in   this  intertubular  tissue  are  strands  of  polyhedral   epithelium-like 


Fio.  110. -Suction  or  lmrts  ok  thrkk  sbm 
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FlO.    411.— HCUAN  BPSRIIATOZOA. 
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cells  {interstitial  celb,  see  fig.  410)  of  a  yellowish  colour ;  they  are  much 
more  abundant  in  some  species  of  animals  (cat,  boar)  than  in  others. 
They  accompany  the  blood-vessels  before  these  break  up  to  form 
the  capillary  networks  which  cover  the  walls  of  the  seminiferous 
tubules. 

The  interstitial  cells  contain  in  many  animals  yellowish-brown  fat- 
globuies  (staining  with  osmic  acid),  and  also  sometimes  needle-shaped 
crystals  (proteid).  Similar  fatty  globules  may  occur  in  the  Sertoli 
cells  of  the  seminiferous  tubules  (see  above),  and  have  been  thought 
to  be  derived  from  those  of  the  interstitial  tissue. 


THE  SEMINIFEEOUS  TUBULES. 
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Stracture  of  the  tubules. — The  seminiferous  tubules  are  formed  of  a 
thick  basement-membrane,  and  contain  seyeral  layers  of  epithelium- 
cells.     Of  these  layers,  the  one  next  to  the  basement-membrane  is  a 


Fig.  412.— Human  spermatozoa  on  the  flat  and  in  profile.    (Bramman.) 

Tliose  on  the  right  still  show  protoplasm  adhering  to  them.    Only  the  commencement  of 
the  tail  is  represented  in  the  two  which  are  shown  in  profile.     Magnified  2600  diameters. 

stratum  of  clear  cubical  cells  {spermatogonia  or  spermogons,  figs.  410, 414,  a), 
the  nuclei  of  which  for  the  most  part  exhibit  the  irregular  network 
which  is  characteristic  of  the  resting  condition,  but  in  certain  tubules 
show  indications  of  division.    Here  and  there  between  the  spermatogonia 
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some  of  the  lining  epithelium-cells  are  enlarged,  and  project  between 
the  more  internal  layers,  being  connected  with  groups  of  developing 
spermatozoa.    These  enlarged  cells  are  the  cells  of  Sertoli  (^g.  414,  a^,  a" ; 

fig.  417). 

Next  to  this  lining  epithelium  is  a  zone  of  larger  cells  {spermatocytes 
or  spermocytes,  fig.  414,  b\  the  nuclei  of  which  are  usually  in  some 
stage  of  hetero-  or  homo-typical  mitotic  division;  these  cells  may  be 
two  or  three  deep  (as  in  a,  fig.  410).  Next  to  them,  and  most 
internal,  are  to  be  seen  in  some  tubules  (fig.  410,  &  and  c)  a  large 
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Fig.  413.— Different  forms  of  spermatozoa.     (From  Verworn.) 

a,  of  bat ;  6,  c,  of  frog  ;  d,  of  finch ;  e,  of  ram  ;  /,  g^  of  boar ;  A,  of  a  jelly-fish ; 
i,  of  a  monkey  ;  Z,  of  crab ;  k^  of  round- worm. 


number  of  small  protoplasmic  cells  with  simple  spherical 
nuclei  {spermatids  or  spermids,  fig.  414,  c).  In  other  tubules 
the  spermatids  are  elongated,  and  the  nucleus  is  at  one 
end,  and  in  others  again  these  elongated  cells  are  converted 
into  evident  spermatozoa,  which  lie  in  groups:  their  heads 
projecting  between  the  deeper  cells  and  connected  with  one  of  the 
Sertoli  cells  of  the  lining  epithelium,  and  their  tails  emerging  into 
the  lumen  of  the  tubule  (fig.  410,  h\  As  they  become  matured  they 
gradually  shift  altogether  towards  the  lumen,  where  they  eventually 
become  free  (c).  During  the  time  that  this  crop  of  spermatozoa  has 
been  forming,  another  set  of  spermocytes  has  been  produced  by  the 
division  of  the  spermogonia,  and  on  the  discharge  of  the  spermatozoa 
the  process  is  repeated  as  before  (see  diagram,  fig.  414). 

The  spermatozoa. — Each  spermatozoon  or  sperm  consists  of  three 
parts,  a  head^  a  middle  part  or  body,  and  a  long  tapering  and  vibra- 
tile  tail  (figs.  411,  412).  In  man  the  head  is  of  a  flattened  oval 
shape,  somewhat  more  flattened  anteriorly ;  in  some  animals  it  bears 
a  small  barb-like  projection  at  its  extremity,  but  this  appears  to  be 


i     a,  Unlng  spltlielluia 
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absent  in  the  human  spermatozoon.  The  apical  part  ia  covered  by 
a  cap  of  a  Bomewhat  different  appearance  from  the  rest — the  head-cap. 
The  middle-piece  is  in  man  short  and  cylindrical,  and  has  a  spiral  fibre 
passing  round  it.  An  axial  fibre,  itself  fibrillated,  passes  irom  a  knob 
close  to  the  head  right  through  the  body  and  taii.  The  tail  is  the 
longest  part  of  the  spermatozoon,  and  when  examined  with  the  micro- 
scope in  the  fresh  condition  is  seen  to  he  in  continual  vibratile  motion, 
the  action  resembling  that  of  a  cilium.  The  extremity  of  the  tail 
(end-piece)  forms  a  distinct  part  of  the   spermatozoon,  and  in  some 
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animals  may  split  into  two  or  three  fibrils  j  these  can  also  sometimes 
be  traced  along  the  whole  length  of  the  tail.  Human  spermatozoa 
are  about  0'05  mm.  (j^  inch)  long,  the  head  and  middle-piece  each 
measuring  about  y'tpth  of  this  amount. 

In  different  animals  the  shape  of  the  head  and  the  extent  of  middle- 
piece  and  tail  vary  greatly  (fig.  413).  In  the  rat  (fig.  415,  7)  the-  head 
is  long,  and  is  recurved  anteriorly  ;  it  ia  set  obliquely  on  the  middle- 
piece,  which  is  also  of  cunsidei'able  extent,  and  which  has  a  closely 
wound  spiral  filament  encircling  it  <H.  H.  Brown).  In  the  newt  the 
head  is  long  and  tapering,  and  the  tail  has  a  membranous  expansion, 
attached  in  a  spiral  manner  along  its  whole  length.     This  has  also  been 
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described  in  the  human  apermatozoon,  but  its  existence  here  is  doubt- 
ful. In  decapods,  which  posaesa  no  cilia,  the  spermatozoa  are  stellate 
and  motionlesa  (fig,  413,  I);  in  nomatoid  worms  they  are  amceboid 
(fig.  413,  k).  Sometimes  two  distinct  kinds  of  spermatozoa  are  met 
with  in  the  same  species  of  animal,  one  kind  being  far  the  larger  in  size 
(giant  spermatozoa)  but  much  leas  numerous.  Such  giant  spermatozoa 
have  been  obaerved  in  man. 

Although  the  tail  of  the  spermatozoon  is  usually  classed  with  cilia, 
it  is  obvious  that  it  exhibits  far  greater  complexity  and  ia  a  much 
more  highly  differentiated  structure.  Spermatozoa  also  differ  from 
cilia  in  being  highly  resistant  to  putrefaction  and  to  chemical  reagents, 
even  including  the  strongest  acids  and  alkalies, 

SpermogenesiB, — The  spermatozoa  are  developed  from  the  small 
cells  (spermatids)  which  form  the  innermost  stratum  of  the  seminal 
epithelium,  and  these  are  themselves  produced  by  the  division  of 
the  large  spermocytes  of  the  second  layer.  It  is  probable  that  iresh 
spermocytes  are  formed  by  division  of  some  of  the  lining  epithelium- 
cells  or  spermogons.  The  cycle  of  changes  therefore  which  takes  place 
is  as  follows: — 1.  Division  of  a  lining  epithelium-cell  or  spermogon 
into  two,  one  of  which  grows  larger  ("growing  cells"  of  H.  H.  Brown), 
becomes  a  spermocyte,  and  passes  into  the  second  layer,  while  the 
Other  remains  in  the  first  layer.  2.  Division  of  the  spermocyte. 
3,  Further  division  of  the  daughter-spermocytes  thus  produced.  The 
four  cells  (spermatids)  which  result  from  this  double  division  possess  only 
one-half  the  somatic  number  of  chromosomes  in  their  nuclei,  "reduc- 
tion" having  been  effected  in  the  final  cell-divisions  by  which  the 
Bpermatids  are  produced  (see  p.  14),  4,  Elongation  of  the  spermatids 
and  their  gradual  conversion  into  spermatozoa.  As  they  undergo  this 
conversion  their  grouping  becomes  more  evident,  and  each  group  is 
found  to  be  connected  with  a  cell  of  Sertoli  (figs,  414,  a',  417), 
which  probably  ministers  to  their  nutrition.  This  cell  undergoes  a 
gradual  process  of  elongation  so  that  the  spermatozoa  by  the  time 
they  are  fully  developed  are  brought  to  the  lumen  of  the  tube, 
in  which  they  then  become  free.  In  the  meantime  other  alternate 
groups  of  spermatids  from  which  the  next  crop  of  spermatozoa  will 
be  derived  are  being  formed  in  the  same  manner,  passing  through 
the  same  cycle  of  changes.  So  that  in  a  longitudinal  section  even 
of  the  same  tubule,  different  phases  of  development  may  be  obaerved, 
and  in  different  tubules  of  the  same  testicle  every  phase  may  be 
iTaced,  The  accompanying  diagram  (fig.  414),  which  is  constructed 
from  drawings  by  H,  H,  Brown,  illustrates  the  cycle  of  changes 
above  described :  it  is  divided  into  eight  parts,  each  of  which  shows 
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the   condition   of   the    epithelium   of  a    semlniterous    tubule    at   a 
particular  stage. 

Each  Bpermatid  becomee  converted  into  a  spermatozoon  in  the 
following  manner  (figs.  415,  416,  418).  The  nucleus  forma  the 
chief  part  of  the  head,  while  the  tail  develops  as  an  outgrowth  of 
the  centrosome  and  cytoplasm.  The  tail-filament  appears  within  the 
protoplasm,  growing  out  from  the  centriole  of  the  cell  which  lies  close 
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to  the  nucleus  (fig.  416).  The  centriole  is  double,  and  one  of  its  two 
particles  forms  an  annular  expansion  or  ring  which,  as  development 
proceeds,  moves  down  the  tail-filament  until  it  reaches  the  place  where 
this  leaves  the  cytoplasm :  here  it  ultimately  forms  the  limit  of  the 
body  or  middle  piece  of  the  spermatozoon.  The  archoplaam  (see  p.  8) 
assists  in  forming  the  head  of  the  spermatozoon ;  a  portion  (the 
idiozome  of  Meves)  at  an  early  stage  separates  from  the  rest,  lying 
apically  to  the  nucleus.  Within  this  portion  vacuoles  form  (fig. 
416,  b,  c,  d)  which  presently  run  together  into  a  clear  non-stainable 
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globule  which  flattens  out  over  the  nucleus  and  forms  (fig.  416,  e)  the 
head-cap  of  the  spermatozoon;  as  development  proceeds,  this  may 
become  indistinguishable  from  the  rest  of  the  head.  The  spiral  fibre 
of  the  middle  piece  is  developed  from  mitochondria  (see  p.  5)  in  the 
spermatid  (Benda)  (fig.  418). 

A  portion  of  the  protoplasm  of  each  spermatid  containing  a  number 
of  chromatin-particles  (seminal  granules)  becomes  detached  and  disin- 
tegrated before  the  spermatozoon  is  fully  matured  (fig.  414,  s,  s'), 

A  few  spermocytes  undergo  incomplete  division,  and  the  resulting 
spermatids  are  large  (giant  spermatids)  and  contain  either  one  large 
nucleus  or  two  or  more  nuclei  which  ultimately  blend  to  form  the 
head  of  the  spermatozoon.  In  these  cases  there  are  a  corresponding 
number  of  centrosomes,  from  each  of  which  a  tail-filament  may  become 
developed. 
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LESSON    XXXVIII. 

GENERATIVE  ORGANS  OF  THE  FEMALE, 

1.  Sections  of  the  ovary  of  the  non-pregnant  rabbit  or  cat.  (If  from  a 
pregnant  animal  the  organ  may  be  largely  occupied  by  lut^l  tissue.) 
Study  the  sections  with  a  low  power,  observing  the  small  and  large 
Graafian  follicles,  each  inclosing  an  ovum,  scattered  through  the  stroma. 
Measure  some  Graafian  follicles  of  different  sizes ;  make  a  general  sketch 
of  a  section  under  the  low  power.  Then  sketch  carefully  two  or  more  of 
the  follicles  with  their  contents  under  a  high  power. 

2.  Sections  across  the  Fallopian  tube.  Sketch  a  section  under  the  low 
power. 

3.  Section  across  the  body  of  the  uterus,  or  across  a  cornu  of  a  bicomed 
uterus.  Observe  with  the  naked  eye  the  thickness  of  the  muscular  and 
mucous  coats  respectively.  Notice  the  ciliated  columnar  epithelium  lining 
the  organ  and  extending  into  the  glands  of  the  mucous  membrane.  Draw 
a  part  of  the  section  under  the  low  power. 

4.  Section  of  the  mucous  membrane  of  the  vagina.  Notice  the  stratified 
scaly  epithelium  which  lines  it  and  which  is  continued  over  the  projecting 
part  of  the  os  uteri. 

5.  Take  the  fresh  ovary  of  a  recently  killed  animal  and  with  a  needle  or 
fine  scalpel-point  prick  one  of  the  largest  and  most  prominent  of  the  Graafian 
follicles.  Tiie  organ  must  be  held  just  over  a  slide  so  that  on  pricking  the 
follicle  the  fluid  contents  may  spurt  out  on  to  the  glass.  Examine  the  drop 
of  liquor  folliculi  with  a  low  power  for  the  escaped  ovum,  which  will  be 
surrounded  by  follicular  cells.  "When  found  place  a  piece  of  hair  in  the 
drop,  cover  with  cover-glass  and  examine  with  high  power. 


THE  OVARY. 

The  ovary  is  a  small  solid  organ,  composed  of  a  stroma  of  fibrous 
tissue,  with  many  spindle-shaped  cells,  and  also  containing,  near  its 
attachment  to  the  broad  ligament,  a  large  number  of  plain  muscular 
fibres.  It  is  covered  by  a  layer  of  small  columnar  epithelium-cells 
(germinal  epithelium,  fig.  420,  a),  between  which  may  here  and  there 
be  seen  a  few  larger  spheroidal  cells,  with  large  round  nuclei.  In 
the  young  subject  the  epithelium  occasionally  dips  down  into  the 
subjacent  stroma. 

The  stroma  is  beset  with  vesicles  of  different  sizes,  the  smallest 
being  near  the  surface  of  the  organ,  the  larger  ones  placed  more 
deeply  in  the  stroma,  although,  as  they  increase  in  size,  they  extend 
towards  the  surface. 


THE  OVARY. 


34S* 


These  vesiclea  are  the  Graafian  follicles  Each  firaafian  follicle  has 
a  proper  wall  (thei  u  follvuli)  formed  of  a  layer  denved  from  the  stroma, 
and  a  special  inner  layei  contaimng  large  cells  both  are  highly 
vasculai  Each  lollicle  contains  an  i»um  and  filhihiim  In  the 
Bmalleat  folhcles  the  oMim  is  small,  and  the  epithelium  of  the  follicle 
is  formed  of  a  single  Iijer  of  celh  which  ma\  be  flattened  against 
the  ovum  (hg  i2l)  In  somewhat  larger  follicles  the  epithelium -eel  Is 
are  m  two  layers  and  these  are  columnar  m  shape  (b^  +2'{  E)  In 
still  larger  ones,  each  of  these  two  lajers  is  formed  of  se\eral  strata  of 
cells,  and  fluid  has  begun  to  collect  between  the  laj  ers  at  one  part  Of 
the  two  layers,  the  one  which  lines  the  caiitj  of  the  follicle  is  termed 
the  memhrana  giaiiulo^a,  while  the  mass  of  cells  which  more  immediately 
surrounds  the  ovum  is  known  as  the    umitlu'^  or  discus  ^  ohgerub 
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In  the  largest  follicles  the  fluid  has  much  increased  in  amount,  so 
that  the  follicle  has  become  gradually  larger  and  more  tense.  Finally 
it  reaches  the  surface  of  the  ovary,  and  projects  from  that  surface, 
I  where  it  eventually  bursts,  and  the  liquor  folliculi,  with  its  contained 
ovum,  is  set  free.  This  event  is  believed  to  occur  usuaUy  at  some  time 
during  menstruation. 

Some  of  the  Graafian  follicles  do  not  buret,  hut,  after  attaining  a 
certain  stage  of  maturity,  undergo  a  process  of  retrograde  metamor- 
phosis and  eventually  disappear. 

The  ovarian  ova  or  ovocytes  are  large  spherical  cells  (fig,    424), 
^abrot  0'2  mm,  (^  inch)  in  diameter.     When  fully  formed,  as  in  the 
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largest  Graafian  follicles  each  o\um  is  surrounded  hy  a.  thick  trans- 
parent membrane  (znna  pellacth)  \\  ithm  this  ie  the  protopiasm  ol 
the  Ovocyte  {vtiellus)  filled  with  fatt}  and  albuminous  granules  (yolk 
Lying  in  the  vitellus,  generally  etcentriLally   is  the  large 
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clear  round  nucleus  {germinal  vaskU),  which  may  show  an  intranuclear 
network,  and  invariably  has  a  well-marked  nucleolus  {gmininal  sp(A), 
sometimes  more  than  one. 

OogeasBiB.— Both  the  ova  and  the  epitheliom  of  the  Graafian  foUioles 
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origiDate  from  the  germinal  epithelium  of  the  embryo  This  forms  at 
first  a  simple  layer  covenng  the  stroma,  but  later  becomes  thickened 
and  multiple.  After  a  time  rounded  cords  of  epithelmm-cells  (^egg 
tubes  of  Pfliiger;  fig.  423   A)  grow  down  into  the  stroma,  whilst  this 
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at  the  same  time  grows  into  the  epithelium.     The  cords  presentlj' 
become  broken  up  by  ingrowths  of  stroma  into  small  isolated  neata  of 
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epithelium-cells,  ea«h  of  which  may  represent  a  Graafian  foUicle.  To 
form  the  ova,  some  of  the  cells  become  enlarged  (primitive  ova), 
and  usually  there  is  one  such  enlarged  cell  in  each  of  the  isolated 
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The  stroma  of  tbe  ovary  containa,  besides  the  spindle-shaped  eoif 
nective-tissue  cells  and  plain  muBcular  fibres  already  mentioned,  a 
number  of  epithelium -like  inkrstitial  cells.  Some  of  these  are  derived 
from  the  germinal  epithelium,  and  appear  capable  of  developing 
into  ova  and  follicle  epithelium-cells  (Lane-Claypon);  others  have 
originated  from  cells  of  corpora  lutea.      These  last  are  large  yellow 


nodules  which  are  developed  out  of  the  Graafian  follicles  after  the 
ova  have  been  extruded  (hgs  425,  426).  They  consist  of  columns  of 
large  yellowish  cells  {luteal  celh)  with  intervening  trabeculse  of  vascular 
fibrous  tissue  which  converge  to  a  central  strand  of  connective  tissue 
occupying  the  a^tis  of  the  nodule  (fig.  426).  The  columns  of  cells 
are  not  unlike  those  of  the  coitex  of  the  suprarenal  capsule.  The 
corpus  luteum  is  deri\ed  from  the  wall^ — probably  in  the  main  from 
the  epithelium — of  the  follicle  which  becomes  thickened  and  folded 
by  multiplication  and  hypertrophy  of  its  cells ;  between  the   folds 


THE   OVAEY. 

connective  tisBue  and  blood  vessels  grow  m  from  the  theca  towards 
the  centre  of  the  follicle  m  this  way  the  columnar  arrangement 
above  mentioned  ia  produced  After  persisting  for  a  time  the  corpus 
luteiira  gradually  disappears  its  ti  sue  becoming  merged  in  the 
surrounding  stroma.  Corpora  lutea  ^row  much  larger  and  remain 
much  longer  persistent  in  the  e*  ent  of  pregnancy  supervening 


The  uae  of  the  corpus  luteuni  is  not  known  certainly,  bnt  it  has  recently 
been  suggested  that  it  may  yield  an  internal  secretion,  the  effect  of  which 
is  to  produce  the  fixation  of  the  fertilized  ovum  in  the  uterine  mucous 
membrane  (Bom).  In  confirmation  of  this,  esperimenta  aeem  to  indicate 
that  geatation  does  not  superveue  in  animala  whose  corpora  lutea  have  been 
destroyed  (Fraenkel  and  Cohn),  or  from  which  the  ovaries  liave  been  removed 
during  the  first  stages  of  pregnancy  (Marshal!  and  Jolly). 

The  blood-vessela  of  the  ovary  are  very  large  and  numerous,  and  are 
especiallv  distributed  to  tlie  walla  of  the  Ciraafian  follicles,  over  which  they 
form  a  close  networit. 


'I'HE   FAU-OPIAN   TUBES   AND 

The  FaHopian  tubes  are  lined  by  a  very  vascular  raucous  membrane 
which  is  covered  with  ciliated  epithelium,  and  has  numerous  longi- 
tudinal folds  (fig.  437).  Externally  they  are  covered  by  a.  serous 
coat,  within  which  ia  a  thin  longitudinal  stratum  of  plain  muscular 
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fibres  o^erlving  circular  hbrea  of  the  same  tiBsue    but  these  layerRj 
not  diBtinctly  marked  off  from  one  another 

Ibe  faumim  uterus  is  composed  cf  two  parts  the  body  and  c 
The  bod;   of  the  uterus  is  formed  of  the  following  layers 

1    A    eruu.    hiver    derived  from  the  pentoneuQi    which  ci 
greater  part  of  the  fundus 

3  A  mil  cidu  Inii-r  which  is  of  considerable  thickness  and  is  formed 
of  plain  mu'-cular  hbres  disposed  m  three  more  or  less  blended  strata. 
Of  these  the  outer  has  its  hbres  arranged  partlp  longitudinally  partly 
circularlv       The  middle  muscular  la\er    on  the  other  hand    is  thick 
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Its  fibres  run  in  different  directions,  and  it  contains  the  ramifications 
of  the  larger  blood  vessels  The  inner  layer  again  is  thinner  and  has 
both  longitudinal  and  circular  fibres  many  of  the  latter  being  pro- 
longed internally  into  the  deeper  part  of  the  mucous  membiane  the 
extremities  of  the  uterine  glands  extend  between  and  amongst  its 
fibres 

3  A  mucous  mi^ibrane  which  is  very  thick  and  is  composed  of  soft 
connective  tissue  containing  a  large  number  of  spindle  shaped  cells  It 
IB  lined  Ij  ciluted  epUhelmm  and  contains  Jong  simj-le  tubular 
glands  which  take  a  curved  or  convoluted  tourae  in  passint,  through 
the  membrane  (fig  439)  Their  (ciliated)  epithelium  is  continuous  with 
that  which  covers  the  inner  surface  of  the  mucous  membrane.  In  the 
cervix  the  mucous  membrane  is  marked  by  longitudinal  and  oblique 
ridges,  and  the  glands  are  shorter  but  more  complex  than  those  of  the 
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body   of   the    uterus,   and  are  lined    by  columnar   mucus-secretin 

cells.  Near  the  os  uteri  the  epithelium 
becomes  non-ciliated  columnar,  and  at  the 
margin  of  the  os  uteri  this  passes  into  a 
stratified  epithelium  which  overlies  vascular 
papillflB  of  the  corium.  The  mucous  mem- 
brane is  very  vascular,  and  it  also  contains  a 
large  number  of  lymph-vessels. 

In  many  animals  the  uterus  is  composed  of 
two  long  tubes  (cornua  uteri) :  the  arrange- 
ment of  the  muscular  tissue  in  these  is  simpler 
than  in  the  human  uterus,  which  has  been 
formed  by  the  fusion  of  two  such  tubes. 
Fig.  429  exhibits  the  structure  of  a  comu  of 
the  uterus  of  the  rabbit; 

At  each  menstrual  period  the  mucous 
membrane  of  the  uterus  undergoes  a  partial 
process  of  disintegration  accompanied  by  an 
escape  of  blood  from  the  capillaries  of  the 
membrane  (fig.  428).  This  is  succeeded  by 
a  rapid  renewal  of  the  disintegrated  part. 
Should  gestation  supervene,  the  process  of 
renewal  results  in  the  formation  over  certain 
parts  of  a  greatly  thickened  mucous  mem- 
brane, with  long  convoluted  glands,  which  is 
then  known  as  the  decidua.  The  muscular 
layer  also  becomes  enormously  hypertrophied, 
this  hypertrophy  being  produced  by  the 
Fig.    430.  —  Muscular     enlargement    of    the    individual    muscle   cells 

FIBRES      (a)      FROM      NON-  ^  oA\ 

PREGNANT,  (6)  FROM  PREG-        (ug.     430). 
NANT  UTERUS,    DRAWN    TO 
THE    SAME    SCALE.       (Sell- 

heim. ) 


imri 
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LESSONS   XXXIX.  AND   XL. 


STRUCTURE  OF  THE  SPINAL    CORD. 

1.  Sections  of  the  spinal  cord  from  the  cervical,  dorsal,  aod  lumbar  regions. 
If  tbe  human  spinal  cord  cannot  be  obtained  sufQcieiitlj'  fresh,  that  of  a 
dog,  cat,  or  monkey  may  be  used.  It  is  to  be  hardened  by  suspending  it 
immediately  after  removal  from  the  body  in  a  tall  jar  of  formol  (10  per  cent, 
solution).  After  a  few  days  it  may  be  transferred  to  alcohol.  Sections  are 
to  be  made  either  by  the  paraffin  or  celloidin  method  :  the  former  is  prefer- 
able for  smnll  cords.  The  sections  may  be  stained  hy  Nisei's  method,  wliich 
brings  to  view  the  nerve-cells  and  also  stains  the  aiis-cyliudera  of  the  nerve- 
fibres.  If  it  is  desired  to  stain  by  the  Weigert-Pal  method,  which  colours 
tbe  medullary  sheaths  of  the  uerve-Sbres,  the  pieces  of  cord  should  be  placed 
ki  S  per  cent,  bichromate  of  poCassium  solution  or  Mailer's  fluid  (either  at 
Mice  or  after  formol)  and  should  be  left  for  about  a  month,  after  which  they 
are  cut  by  a  freezing  microtome,  (For  the  details  of  these  methods  see 
Appendix.)  Carminate  of  ammonia  or  thioniu  may  also  be  employed  to 
■tain  the  nerve-eel  I  a  and  axis- cylinders. 

Notice  the  relative  extent  of  the  grey  as  compared  with  the  white  matter 
in  the  different  regions  of  the  cord. 

Sketch  a  section  from  each  region  under  a  low  power.  Sketch  also  a 
'funall  portion  of  the  white  substance,  twoor  three  nerve-cells,  and  the  central 
canal  with  its  lining  epithelium  and  surrounding  neuroglia  under  the  high 

Measure  tbe  diameter  of  some  of  the  n^ 
in  the  lateral  columns,  and  in  the  posterii 

2.  Tracts  in  the  spinal  cord.  The  conducting  tracts  of  the  spinal  cord  may 
be  studied  in  two  ways,  viz. :  (1)  by  preparing  sections  of  embryonic  cords 
(from  the  5th  to  the  9th  month),  the  sections  being  stained  by  the  Weigert-Pa! 
process  (Flechaig's  method) ;  (2)  by  preparing  sections  from  the  cord  of  an 
animal  in  which  either  a  complete  section  orahemi-section  has  been  performed 
about  15  days  before  the  animal  is  killed,  and  staining  thin  pieces  of  the 
Qord  from  below  and  from  above  the  section  by  placing  them  m  a  solution 
eonsisting  of  two  parts  of  Miiller's  fluid  and  I  part  of  1  per  cent,  osmic  acid 
(Marcbi's  method).  The  cord  must  first  be  partly  hardened  by  placing  it  for 
a  few  days  in  Mullei's  fluid. 


e-fibres  in  the  anterior  columns. 


The  spinal  cord  is  composed  of  grey  matter  in  the  centre  and  of 
■  ^  white  matter  externally.     It  is  closely  invested  by  a  layer  of  connective- 
tissue  containing  numerous  blood-vesaela  {pia  mater),  and  less  closely 
by  two  other  membranes  (fig.  431).     One  of  these  is  an  areolar  mem- 
brane, resembling  a  serous  membrane  in  general  structure,  but  non- 
I  vascular  and  more  delicate  in  textiu-e  (ar'irhnind).     The  other,  which 
I  lines  the  vertebral  canal,  is  a  strong  fibrous  membrane  known  as  the 
I  ^ra  mater.    At  the  middle  of  tbe  anterior  and  posterior  (ventral  a 
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dorsal)  surfaces  the  pia  mater  dips  into  tbe  substance  of  the  cord  in  the 
anterior  a.nd  poslerim-  median  fissures,  so  as  to  divide  it  almost  completely 
into  two  lateral  halves.  These  are,  however,  united  hy  an  isthmiie  or 
bridge,  which  is  composed  anteriorly  of  transversely  crossing  white 
fibres  (white  or  anterior  commissure),  posteriorly  of  grey  matter  {ffreg 
commissure),  in  the  middle  of  which  is  a  minute  canal  lined  by  ciliated 
epithelium  {central  canal). 

Each  lateral  half  of  the  spinal  cord  contains  a  crescent  of  grey 
matter,  which  is  joined  to  the  corresponding  crescent  of  the  opposite 
side  by  the  grey  commissure.  Of  the  two  horns  of  the  crescent  the 
posterior  or  dorsal  is  the  narrower  and  cornea  near  the  snr&ce  of  the 


cord;  close  to  it  the  bundles  of  the  posterior  nerve-roots  enter  the 
cord.  The  bundles  of  the  anterior  nerve-roots  emerge  from  the 
anterior  horn. 

According  to  Ingbert  abont  1,300,000  ner 
posterior  roots,  and  about  one-third  that  b 
roots. 

The  posterior  root-fibres  are  derived  from  the  cells  of  the  spinal  ganglia, 
which  lie  outside  the  cord  :  the  anterior  root-fibres  fi'om  cells  within  the 
grey  matter,  chiefly  from  cells  in  the  anterior  horn,  but  also  from  some  cells 
in  ttie  middle  and  posterior  parts  of  the  grey  matter  and  (especially  in  the 
thoracic  region)  from  cells  id  the  in  termed  io- lateral  tract  (lateral  horn).  The 
latter  probably  furnish  the  autonomic  (sympathetic)  fibres  of  the  anterior  ' 
roots,  while  the  cella  of  the  anterior  horn  furnish  the  fibres  which  are 
distributed  to  the  voluntary  muscles. 

The  vhite  matter  of  each  half  of  the  cord  is  subdivided  by  the 
approach  of  the  posterior  horn  to  the  surface  into  two  unequal 
cdlumna^anieroiateTal  and  posterior.  A  distinction  is  sometimes 
drawn   between   anterior   and    lataral    portions   of  the    anterolateral 
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column,  although  there   is   no  line   of  demarcation   between  them. 
In  the  upper  part  of  the  cord  the  posterior  column  is  subdivided 
by  a  septum  of  connective  tissue  into  two — the  postero-mesicU  column  or 
funiculus  gracilis,  and  the  posterolateral  column  or  funiculus  cuneaius. 

The  white  matter  is  composed  of  longitudinally  coursing  medullated 
nerve-fibres,  which  in  sections  stained  with  carmine  or  thionin  appear- 
as  clear  circular  areas  with  a  stained  dot,  the  axis-cylinder,  near  the 
middle  (fig.  433) ;  while  in  sections  stained  by  the  Weigert-Pal  method 
they  appear  as  black  circles  with  a  clear  centre.     The  nerve-fibres 
vary  in  size  in  different  parts ;  on  the  whole  those  which  are  nearest  to 
the  surface  of  the  cord  are  larger  than  those  nearest  to  the  grey 
matter,  but  there  is  a  bundle  of  very  small  fibres  (at  M,  fig.  434) 
opposite  the  tip  of  the  posterior  horn. 

The  medullated  fibres  are  supported  by  neuroglia,  which  is  com- 
posed of  fibrillated  neuroglia-cells  (fig.  192,  p.  161).  The  neuroglia  is 
accumulated  in  greater  amount  at  the  surface  of  the  cord,  underneath 
the  pia  mater  (particularly  in  the  human  cord,  near  the  entrance  of  the 
posterior  roots  (fig.  433)),  and  it  extends  into  the  grey  matter,  in  which 
it  is  especially  accumulated  in  the  substantia  gelatinosa  at  the  apex 
(caput)  of  the  posterior  horn  and  around  the  central  canal. 

The  grey  matter,  besides  neuroglia,  contains  an  interlacement  of 
nerve-fibres  and  the  arborisations  of  the  nerve-cells  which  are 
embedded  in  it. 

Characters  of  the  spinal  cord  in  the  several  regions  (figs.  434,  439). 
— In  the  cervical  region  the  white  matter,  especially  that  of  the  lateral 
columns,  occurs  in  largest  proportion.  The  grey  matter  in  the  cervical 
enlargement  is  also  in  considerable  amount,  and  it  encroaches,  especi- 
ally in  the  upper  part  of  the  region,  in  the  form  of  a  network  {foimatio 
reticularis)  upon  the  aci  jacent  part  of  the  lateral  white  column  (fig.  432). 
The  anterior  horns  are  thick  and  the  posterior  slender.  The  postero- 
mesial  column  is  distinctlv  marked  off. 

In  the  dorsal  region  the  grey  matter  is  small  in  amount,  and  both 
horns  are  slender.  The  whole  cord  is  smaller  in  diameter  than  either 
in  the  cervical  or  lumbar  region.  The  columns  of  nerve-cells  known  as 
Clarke's  column  and  the  intermedio  lateral  tract  are  well  marked. 

In  the  lumbar  region  the  crescents  of  grey  matter  are  very  thick, 
and  the  white  substance,  especially  the  lateral  columns,  relatively 
small  in  amount.  The  isthmus  lies  nearly  in  the  centre  of  the 
cord,  whereas  in  the  cervical  and  dorsal  regions  it  is  nearer  the 
anterior  surface. 

In  the  part  of  the  spinal  cord  from  which  the  sacral  and  coccygeal 
nerve-roots  take  origin   the  grey  matter  largely  preponderates,  the 
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crescents  form  thick  irregular  masses,  and  the  grey  isthmus  is  also  of 
considerable  thickness. 

TRACTS  OF  NERVE-FIBRES   IN  THE  WHITE  COLUMNS. 

The  course  of  the  nerve-tracts  in  the  spinal  cord,  and  in  other  parts  of 
the  central  nervous  system,  can  be  made  out  by  the  method  of  Flechsig, 
which  involves  the  study  of  sections  of  the  developing  cord;  for 
it  is  found  that  the  formation  of  medullary  substance  occurs  sooner 
in  some  tracts  than  in  others,  so  that  it  is  easy  to  make  out  the 
distinction  between  them.  Thus,  the  peripheral  nerves  and  nerve- 
roots  become  myelinated  in  the  first  half  of  the  fifth  month  of  foetal 
life.  Of  the  tracts  of  the  spinal  cord,  those  of  Burdach  and  Goll  (see 
below)  are  the  first  to  be  myelinated,  then  the  tracts  of  Flechsig  and 
Gowers,  all  of  these  being  sensory  or  centripetally  conducting,  while 
the  pyramidal  tracts,  which  are  motor  or  centrifugally  conducting," 
do  not  receive  their  myelin  sheath  until  after  birth.  ^ 

Another  method  (that  of  A.  Waller)  consists  of  investigating  the 
course  which  is  pursued  by  degeneration  of  the  nerve-fibres  in 
consequence  of  lesions  produced  accidentally  or  purposely.  Those 
tracts  in  which  degeneration  of  fibres  occurs  below  the  lesion  are 
termed  "  descending  "  tracts ;  those  in  which  it  occurs  above  the  lesion 
are  termed  "ascending." 

The  cells  whence  the  fibres  of  any  tract  arise  can  be  identified  after  a 
lesion  of  the  tract  by  the  chromatolysis  or  degeneration  of  Nissl  which 
nerve-cells  undergo  after  section  of  their  axons  (see  pp.  154  to  159). 

Tracts  of  the  posterior  column. — 1.  Tract  of  Goll.~ThQ  fibres  of  the 
postero-mesial  column  belong  to  a  tract  which  is  known  as  the  tract  of 
Goll  (fig.  435,  6).  This  consists  of  fibres  derived  from  the  posterior 
nerve-roots  of  the  sacral,  lumbar,  and  lower  dorsal  nerves,  which, 
after  having  entered  the  postero-lateral  columns,  pass,  as  they  ascend, 
towards  the  posterior  median  fissure  and  form  a  distinct  tract,  which  is 
marked  off  from  the  rest  of  the  posterior  column  in  the  cervical  region 
by  a  slight  furrow  and  a  septum  of  pia  mater  (fig.  432).  This  tract 
ends  amongst  the  cells  of  the  nucleus  gracilis  of  the  medulla  oblongata. 

2.  Tract  of  Burdach. — The  postero-lateral  column  (trad  of  Burdach)  is 
also  composed  of  fibres  of  the  posterior  nerve-roots,  which  all  run  for 
a  certain  distance  in  it  before  entering  the  grey  matter  of  the  cord 
or  of  the  medulla  oblongata.     As  each  mass  of  posterior  root-bundles 

*  Flechsig  finds  that  the  fibres  of  the  posterior  roots  are  myelinated  in  at  least 
three  stages,  and  that  the  postero-lateral  tract  shows  a  corresponding  diflfereutia- 
tion  into  three  chief  parts:  the  ventral y  middle  and  dorsal  root-zones.  He  suggests 
that  this  differentiation  corresponds  with  functional  differences  of  the  fibres. 
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enters  the  column  close  to  the  apex  of  the  posterior  horn  it,  so  to 
Bpeak,  pushes  the  root-fibres  which  have  already  entered  nearer  to 
the  median  fissure;  hence  those  which  are  derived  from  the  lowest 
nerve-roots  are  nearest  that  fissure  (in  the  tract  of  Goll),  whOe  those 
which  are  derived  from  the  highest  remain  near  the  posterior  horn 
(in  the  tract  of  Burdach).  Many  of  the  fibres  of  both  tracts  pass 
into  the  grey  matter  either  immediately  on  entering  the  cord  or 
in  their  course  upwards;  the  rest  are  continued  into  the  medulla 
oblongata  and  those  of  the  tract  of  Burdach  end  by  arborising  amongst 
the  cells  of  the  nuclevs  cunefitus. 

3.  Comma  trad. — Besides  the  tracts  of  Burdach  and  Goll,  which  are 
wholly  composed  of  long  "  ascending  "  fibres  having  their  cells  of  origin 


in  the  ganglia  on  the  posterior  roots,  there  are  a  few  fibres  which  have 
a  shorter  "descending"  course  in  the  posterior  column.  These  are 
believed  by  some  authorities  to  arise  from  descending  branches  of  the 
posterior  root-fibres,  by  others  to  arise  from  cells  in  the  grey  matter 
of  the  cord.     They  form  the  so-called  comma  trad  (fig.  435,  5). 

Proprio-apinal  or  endogenous  fibres  of  the  posterior  colunin. — 
There  are  a  few  fibres  {septo^margmal),  chiefly  accumulated  near  the 
median  fissure  {imil  bwidh)  and  near  the  posterior  surface  (median 
bria/nffh  bwndle),  but  also  scattered  in  other  parts  of  the  column, 
which  are  derived  from  cells  in  the  grey  matter  of  the  cord  itself. 
These  take  a  "descending"  course  in  the  posterior  column;  while 
rs  which  arise  in  the  grey  matter  and  have  an  "ascending" 
course  are  especially  numerous  in  the  ventral  part  of  the  column. 

Descending  tracts  of  the  antero-lateral  column. — 1.  Pyramidal  or 
cortico-sjiinal  tnid.—At  the  posterior  part  of  the  lateral  column  there 
}B  a  tract  of  moderately  large  "descending"  fibres  (intermingled  with 
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(Tho  nurahers  in  this  <li»grinn  ri-fer  lo  fibies  of  the  tnwta  aiio' 
with  correspondiiig  numbcre  in  flg.  435.) 

tract.    Alio,  in,  motor  Qsmw ;  j,  asnsoi J  (lilorsiit)  aenr' 
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smaller  fibres)  which  are  found  to  ran  in  the  lateral  column  of  ths  I 
spinal  cord  from  the  opposite  side  of  the  hrain,  after  having  for  the  f 
most  part  crossed  at  the  decussation  of  the  pyramids  of  the  medulla  ] 
oblongata  (crossed    lateral  pyramidal   trad,  fig.  435,  /  ;    fig.  436,   la)- 
Intenningled  with  the  fibres  of  the  crossed  pyramidal  tract  in  the    | 
lateral  column  are  a  few  fibres  of  the  pyramid  which  have  not  crossed  I 
in  the  medulla  obi    g  ta       d  which  are  therefore  derived  from  the  1 
cerebral   cortex      f  th     aam        de  {uncrossed   lateral  pyramidal  fibres, 
fig.  436,  Ih).    Tl     1    ^    fib      which  He  in  the  anterior  columns  next 
to  the  anterior  n    ]        fi  vhich  are  especially  numerous  in  the 

upper  part  of  th     h  d  also  helorig  to  a  portion  of  the  same 

tract    which    has       t        d    t,     ^  decussation    (direct  pyramidal    tract, 
figs.  435,  436,  3).     The  direct  pyramidal  tract  is  only  found  in  man  1 

*     and  the  anthropoid  apea;   in   some  individuals  it  is  absent,  and  it 
varies  considerably  in  extent.  J 

The  pyramidal  tracts  are  composed  of  "descending"  fibres,  which  I 
have  their  cells  of  origin  in  the  cerebral  cortex  (ascending  frontal  I 
and  paracentral  gyri)  and  end  by  arborisations  in  the  grey  matter  1 
at  the  liase  of  the  posterior  cornua  of  the  spina!  cord.  In  some  1 
mammals  (rat,  mouse,  guinea  pig,  sheep,  kangaroo,  squirrel,  etc.),  the  j 
pyramidal  tracts  are  situated  in  the  posterior  columns  of  the  cord,  1 
in  others,  inchiding  the  monkey,  dog,  cat,  and  rabbit,  they  run  in  the  I 
lateral  columns  The  pyramidal  tracts  are  very  small  i!i  the  lower  I 
mammals,  and  are  not  found  at  all  jn  vertebrates  below  mammals.  I 

I  It  has  been  calculated  that  there  are  about  80,000  fibres  of  the  | 
pyramidal  tract  in  each  half  of  the  human  cord.     The  pyramidal  tracts 

I      are  generally  regarded  as  the  paths  along  which  volitional  impulses  are 
conveyed  from  the  cerebral  cortex  to  the  spinal  cord.     But  experiments  1 
have  shown  that  they  are  not  the  only  cortico-spinal  paths  nor  eveo 
the  most  important  in  many  animals,  for  the  paralysis  which  results  I 
from  their  section  is  soon  recovered  from  in  moat  animals,  whereas  1 

I  that  resulting  from  section  of  the  anterior  column  and  adjacent  part  of  j 
the  lateral  column  may  be  more  marked  and  permanent.  In  man  it  j 
appears    to   be    the    finer   ami   more    delicate   movements   which    are 

{      permanently  lost  when  the  pyramidal  tract  is  affected  by  disease.        I 

12.  Trad    of  LoewenlktiL — Besides  the   pyramidal    tracts    there    are 
four  other  "  descending"  tracts  of  fibres  in  the  antero-lateral  column. 
One  of  these  (the  anttro-lateral  descending  tract  or  trad  of  Loewmthal, 
figs.  435,  436,  S)  lies  on  the  side  of  the  anterior  median  fissure,  and     ^^ 
•  e.ttends  along   the   margin  of  the   cord    in    the    "root"  zone,    even  ^^H 
reaching  the  ariterior  part  of  the  lateral  column.     These  fibres  are  ^^| 
I     continued  down,  chiefly  from  the  posterior  loaffitmiinal  bundle  (veslibulo-  ^^H 
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a,  pctbterLDr  rout-flbrti& ;  b.  ttnct  of  KLochslg,  posihig  at  b',  by  the  redtifvrm  body  tti  the 
cerebellar  vermia ;  c.  Iract  of  Gowon  ;  d,  ]njwa^  of  moat  of  its  fibres  along  the 
HUperior  pedunclfl  u  the  cerebellum  -,  r,  nbreB  t^i  the  curpois  quadiig^nilnH,  e' ;  /t 


THE  SPINAL  CORD.  365 

spiaal  fibres)  of  the  medulla  oblongata  and  pons  Varolii,  partly  from 
other  Boureee  which  will  be  afterwards  referred  to.  They  end  by 
arboriaationa  in  the  aiiterioi'  horn.  Similar  arborisations  pasB  from 
the  posterior  longitudinal  bundle  to  the  nuclei  of  the  motor  cranial 
nerves.     Thia  tract  ia  mainly  uncroasoti. 

3.  Rubro-spiiial  tract. — Another  "descending"  tract  in  the  antero- 
lateral column  lies  just  in  front  of  the  crossed  pyramidal  tract,  This 
ia  the  prepyramidal  or  rvbra-s-pinal  tract  (figs.  435,  436,  4);  its  fibres 
end  by  arborising  in  the  grey  matter  of  the  middle  of  the  crescent ; 
the  aituation  of  its  cells  of  origin  ia  the  red  nncleiis  of  the  tegmentum 
in  the  mid-brain.  Thia  tract  ia  also  known  as  Monakuvfs  tract. 
Some  of  its  fibres  are  stated  to  be  derived  from  cells  in  the  reticular 
formation  of  the  pons  and  medulla  oblongata. 

4.  Teciu-npinal  fibres.- — Intermingled  with  the  fibres  of  the  rubro- 
apinal  tract  (but  far  fewer  in  immber  in  man)  are  fibres  derived 
from  the  quadrigeminal  bodies  of  the  opposite  side.  These  fibres 
form  .1  part  of  the  tectospinal  tract.  Another  part  of  thia  tract  paaaes 
into  the  anterior  column  of  the  cord  in  the  tract  of  I.oewenthal 
above  mentioned, 

5.  OUvi-spittal  tract. — Lastly  a  small  triangular  group  of  "descend- 
ing" fibres  traceable  from  the  neighbourhood  of  the  olive  in  the 
medulla  oblongata,  and  passing  down  the  cervical  cord  in  the 
anterior  part  of  the  lateral  column  (fig.  435,  Sa),  (the  exact  origin 
and  destination  of  the  fibres  ia  unknown)  ia  termed  the  bundle  of 
Hehccg  or  olieos^iinal  tract. 

Ascending  tracts  of  the  antero-lateraj  colunm. — 1.  Trad  of 
Fkchsig. — This  is  a  well-marked  tract,  which  is  however  only  distinct 
in  the  cervical  and  doraal  regions,  where  it  liea  external  to  the 
crossed  pyramidal  tract.  It  consists  of  large  fibres  which  are  derived 
from  the  cells  of  Clarke's  column  (fig.  434,  /)  and  which  pass  up  into 
the  cerebellar  vermis  by  way  of  the  inferior  peduncle  of  the  same  side 
(dorsal  spmo-cerebdlar  bundle  or  direct  cerebellar  trad  of  Flechdg,  fig.  434; 
figa.  436,  436,9;  437,  h,h'). 

2.  Trad  of  Qowr^-i. — This  is  situated  more  anteriorly,  lying  in 
front  of  the  crossed  pyramidal  and  direct  cerel>ellar  tracts  in  the 
lumbar  region;  while  in  the  dorsal  and  cervical  regions  it  forms  a 
narrow  band  of  fibres  curving  round  close  to  the  external  surface 
of  the  cord,  and  extending  even  into  the  anterior  column.  It  was 
termed  the  a ntero- lateral  asccndinrf  trad  by  Gowers  (figs.  435,  436,  10). 
Its  fibres  are  intflrminglod  with  those  of  the  antero-lateml  descend- 
ing tract.  Most  of  the  fibres  of  the  tract  of  Gowers  are  con- 
nected with    the  vermis  of  the  cerebellum,  constituting  the  ventral 
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spino-cereheUar  bimdle,  which  passes  to  that  organ  over  and  parallel 
with  the  superior  cerebellar  peduncle  (fig.  437).  According  to  Van 
Gehuchten,  confirmed  by  Collier  and  Buzzard,  the  tract  of  G^wers 
gives  off  a  few  fibres  to  enter  the  opposite  cerebellar  hemisphere 
by  the  middle  peduncle. 

Some  of  the  fibres  of  the  antero-lateral  ascending  tract  (spina-tedd 
fibres)  are  continued  up  to  the  corpora  quadrigemina.  Others  pass 
into  the  tegmentum  of  the  crus  cerebri,  where  they  can  be  traced  as 
far  as  the  lower  part  of  the  thalamus  {spino-thalamic  fibres). 

The  cells  from  which  the  fibres  of  Gowers'  tract  take  origin  are 
not  certainly  known,  but  it  is  probable  that  they  are  cells  situated 
in  the  middle  and  posterior  parts  of  the  grey  crescent,  partly  on 
the  same  but  chiefly  on  the  opposite  side  of  the  cord.  The  latter  is 
almost  certainly  the  case  with  the  cells  from  which  the  spino-thalamic 
fibres  arise. 

3.  Tract  of  Lissauer, — Lastly,  there  is  another  small  tract  of  fibres 
which  undergoes  degeneration  above  the  point  of  section.  This  is 
the  marginal  bundle  of  Lissauer  (marked  M  in  fig.  434).  It  is  formed 
by  fine  fibres  from  the  posterior  roots. 

Other  portions  of  the  antero-lateral  columns  near  the  grey  matter 
which  are  differentiated  by  the  method  of  Flechsig  are  probably  short 
tracts  uniting  adjacent  portions  of  the  grey  matter  of  the  cord. 

Proprio-spinal  or  endogenous  fibres  of  the  antero-lateral  column. — 
Sherrington  has  shown  that  in  the  dog  the  lateral  column  in  the  dorsal 
region  of  the  cord  contains  a  certain  number  of  long  fibres  which  take 
origin  in  the  cervical,  dorsal  and  upper  lumbar  segments  and  are 
traceable  down  to  the  lumbo-sacral  enlargement.  These  must  serve 
to  convey  exci to-reflex  impulses  from  the  upper  to  the  lower  parts  of 
the  body.  Probably  similar  fibres  arise  all  along  the  cord  from  the 
cells  of  the  lateral  column  and  pass  upwards  as  well  as  downwards. 

A  tract  of  endogenous  fibres  has  been  observed  in  man  close  to  the 
anterior  median  fissure  lying  amongst  the  fibres  of  the  direct  pyramidal 
tract.  .  This  is  known  as  the  anterior  sulco-marginal  tract  of  Marie. 

The  antero-lateral  column  contains  also  many  endogenous  fibres, 
both  ascending  and  descending,  derived  from  cells  in  the  grey  matter 
of  the  cord,  which  have  only  a  short  course,  serving  to  connect 
adjacent  segments. 

GREY   MATTER  OF   CORD. 

The  nerve-cells  which  are  scattered  through  the  grey  matter  are 
in  part  disposed  in  definite  groups.  Thus  there  are  several  groups 
of  large  multipolar  nerve-cells  in  the  anterior  horn  in  the  cervical  and 
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lumbar  enlargements  (fig.  435),  although  in  other  regions  of  the  cord  I 
the  number  of  groups  in  thia  situation  ia  reduced  to  two,  a  meaiai  I 
and  a  lateral.  The  larger  groupa  in  the  enlargementa  correspond  witt^.l 
segmenta  of  the  limb  (Van  Gehuchten) ;  thus  there  appear  to  be  I 
groupa  aaaociated  with  foot,  leg,  and  thigh,  and  with  hand,  arm,  and  I 
shoulder  movements  rcapectively.  The  groups  from  which  the  motor  I 
nerves  to  the  shoulder  iind  arm  muselea  arise  appear  in  somewhat  J 
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segments  of  the  cervical  cord  than  those  belonging  to  the  hand  I 
The  same  holda  good,  mutiilis  mutandis,  for  the  lumbar  cord  I 
in  relation  to  the  leg  and  foot.  Further,  the  larger  groupa  ahow  1 
subdivisions  which  may  be  related  to  partitular  movements,  i. 
particular  groups  of  muaclea.  In  the  case  of  the  diaphragm  then 
special  cell-group  or  cell-column  in  the  cervical  cord  {anterior  horn)  J 
from  which  the  fibres  of  the  phrenic  nerve  arise,  so  that  in  thia  case  ] 
a  cell-group  is  set  apart  for  a  special  muscle. 

The  axis-cylinder  processes  of  the  anterior  horn  cells  mostly  paas  out  4 
into  the  corresponding  anterior  nerve-roots  (tig.  436,  m ;  fig.  440,  j),  ' 
but  a  few  send  their  axons  to  the  anterior  column  of  the  opposite  side  1 
through  the  white  commissure  (fig.  440,  m)  or  to  the  anterior  or  lateral'  J 
column  of  the  same  aide  (/,  n).     It  is  noteworthy  that  in  birds  a  feir  I 
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cells  of  the  anterior  horn  send  their  axons  into  the  posterior  roots.  A 
well-marked  group  of  large  rounded  nervd-celts,  best  marked  in  the 

thoracic  region,  lies  at  the  base  of  the  posterior  horn  (niKhus  of  SlUHnf, 
Clarice's  column,  fig.  434,  /;  fig.  435,  d ;  fig.  440,  u).  The  cells  of 
Clarke's  column  send  their  axis-cylinder  processeB  into  the  donal 
cerebellar  tract  (Mott),  aod  if  this  tract  be  cut  experimentally,  the 
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large  cells  of  Clarke's  column  on  the  same  side  below  the  section 
undergo  Nissl  degeneration  and  eventually  atrophy.  There  are,  how- 
ever, a  few  small  cells  with  short  axons  in  Clarke's  column  which  do 
not  undergo  this  change. 


THE  SPINAL  COED.  371 

Another  group  ia  seen  on  the  outer  side  of  the  grey  matter  lying  in 
a  projection  which  is  somotimea  known  its  thp  lateral  horn  (lateral 
eelt-coluvm,  ifnimfnedio-laieral  column,  figs.  434,  d ;  435,  i).  This  is  moat 
distinct  in  the  dorsal  region  (as  far  up  as  the  second  thoracic  segment). 
The  axons  from  its  cells  for  the  most  part  leave  the  cord  along  with 
the  anterior  roots,  and  probahly  furnish  the  outgoing  visceral  and 
vascular  fibres.  Another  group  {mtddh  cell-column)  lies  in  the  middle 
of  the  crescent  {fig.  434,  e).  The  cells  of  the  posterior  horn  {g)  are 
very  numerous  but  are  not  collected  into  defi.uite  groups.  Those  of 
the  substantia  gelatinosu  of  Rolando  send  their  nerve-fibre  processes 
partly  into  the  lateral,  partly  into  the  adjacent  posterior  columns 
{fig.  440,  s,  t). 

The  cells  which  send  their  axons  into  the  adjacent  parts  of  the  white 
columna  but  not  into  any  special  tract  are  aonietimes  termed  tlie  "  celU  of 
the  white  columna." 

Connection  of  nerve-roots  with  Bpinal  cord. — The  aniefior  roots 
leave  the  anterior  horn  in  a  number  of  bundles.  Most  of  their  fibres 
are  directly  continued  from  the  nerve-cells  in  the  anterior  and  lateral 
horns,  and  acoording  to  Golgi  in  part  also  from  cells  in  the  posterior 
horn.  These  cells,  from  which  the  anterior  root-fibres  ai'iae,  are 
surrounded  by  an  interlacement  of  ramified  nerve-endings,  which 
are  derived  from  various  sources,  especially  the  axons  of  cells  of  the 
posterior  horn,  from  collaterals  of  the  posterior  root-fibres  (see  below), 
and  from  those  of  the  fibres  of  the  adjacent  white  columns. 

The  fibres  of  the  posterior  rools  originate  in  the  cells  of  the  posterior 
root  ganglia  and  pass  into  the  postero  lateral  column  {see  diagram, 
fig.  436),  but  the  smallest  fibres  enter  the 
marginal  bundle  of  Lissauer,  and  some 
pass  directly  into  the  posterior  horn  of 
grey  matter.  On  entering  the  spinal 
cord  the  fibres  bifurcate  (fig.  441),  one 
branch  passing  upwards,  the  other  down- 
wards. Both  from  the  main  fibre  and 
from  its  branches  collateral  fibres  |>ag3  at 
frequent  intervals  into  the  grey  matter, 
and  end  in  arborisations  of  fibrils  which 
envelop  the  nerve-cells  both  of  the 
posterior  and  of  the  anterior  horn  (fig. 
442)  and  in  the  dorsal  region  the  cells  of 
Clarke's  column   and  those  of  the  inter- 

medio-lateral  tract.     Many  of  the  main  fibres  also  ultimately  end  in  a 
eimilar  manner  in  the  grey  matter,  some  after  a  short  course  only,  but 
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others  after  a,  longer  course.  But  a  considerable  number  of  fibres  pass 
upnardfi  in  the  postero-lateral  and  postero-meaial  columns  (in  tbe  latter 
especiallj  those  of  the  lower  apiaal  nerves),  until  they  arrive  at  the 
medulla  oblongata,  where  they  end  in  terminal  arborisations  around 
the  cells  of  the  nucleus  gracilis  and  nucleus  cuneatus. 

Tho  central  canal  of  the  spinal  cord  is  hned  by  columnar  ciliated 
epithelium -cells  {ependy-nm),  which  are  surrounded  by  a  quantity  of 
neuroglia.  The  cells  are  best  seen  in  the  spinal  cord  of  animals 
and  in  the  child  (figs.  443,  444) ;  in  the  human  adult  they  have 
frequently  become  proliferated,  and  their  cilia  are  no  longer  visible. 
In  the  early  embryo  their  fixed  extremities  extend  through  the  whole 
thickness  of  the  cord  to  reach  the  pia  mater.  This  condition  is 
permanent  in  the  cord  of  many  of  the  lower  vertebrata. 

Blood-vesselB  of  the  spinal  cord.— The  blood-supply  of  the  grey  matter 

is  derived   main!)'   from  a  seriKS  of  arterioles,   which   come  ofl'  from    the 

neBially-sitiiated    anterior   spinal  artery,    pa^s   into   the   auterior    median 

fissure,  and  at  the  bottom  of  this  divide  each  into  two  branches,  one  for  the 

grey  matter  of  each  latei-al  half  of  tlie  cord.     In  the  grey  matter  is  a  very 

close   capillary   plexus   which    is   supplied   not   alone   by   the   veaaela   just 

mentioned,  but  also  by  small  arterioles,  which  converge  from  the  small 

'    arteries  of  the  pui  mater,  jwBsiiig  through  the  white  matter,  and  supplying 

[   this  as  they  pass  through  it.     Ihese  arterioles  are  branches  of  the  above- 

[  mentiDned  anterior  sphial  artery  and  of  the  posterior  spinal  arteries  (nhich 

[  run  on  each  side  along  the  line  of  the  posterior  roots).     The  capillary 

plezQB  of  the  white  matter  is  tar  less  dense  than  that  of  tlie  grey  matter. 

It  forms  longitudinal  meshes. 

I        The  veins  of  the  spinal  cord  accompany  the  arteries.     Two  longitudinal 

ous  vessels,  accompanyuig  corresponding  anastomotic  arterioles,  are  seen, 

on  either  aide  of  the  central  canal,  in  most  transverse  sections  of  the 
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LESSON    XLI. 

THE  MEDULLA   OBLONGATA, 

Sections  of  the  medulla  oblongata  (made  in  the  same  way  as  with  the  spinal 
cord)  :  (a)  at  the  level  of  the  decussation  of  the  pyramids,  (6)  just  above  the 
decussation,  (c)  opposite  the  middle  of  the  olivary  body,  and,  {d)  either 
through  the  uppermost  part  of  the  olivary  body,  or  just  above  it. 


The  brain  consists  of  three  great  morphological  divisions  associated 
with  the  three  primary  cerebral  vesicles  of  the  embryo;  they  are 
termed  respectively  the  hind-brain,  mid-brain,  and  fore-brain. 

The  hind-brain  is  formed  of  the  parts  around  the  fourth  ventricle, 
viz.,  the  medulla  oblongata  or  spinal  bulb  (myelencephalon),  and  above 
this  the  pons  Varolii  with  the  cerebellum  (metencephalon) ;  the  region 
of  the  corpora  quadrigemina  forms  the  mid-brain  (mesenceplialon) ; 
the  parts  immediately  above  that  region,  and  centring  around  the 
third  ventricle,  including  the  optic  thalami,  form  the  thalamenceplialon ; 
and  the  corpora  striata  and  cerebral  hemispheres  constitute  the  telen- 
cephalon. 

The  structure  of  the  medulla  oblongata  or  spinal  bulb  can  best 
be  made  out  by  the  study  of  a  series  of  sections  taken  from  below 
upwards,  and  by  tracing  in  these  the  changes  which  occur  in  the 
constituent  parts  of  the  spinal  cord,  taking  note  at  the  same  time 
of  any  parts  which  may  be  superadded. 

A  section  through  the  region  of  the  decussation  of  the  pyramids 
(fig.  446)  has  much  the  same  form  as  a  section  through  the  upper 
part  of  the  spinal  cord,  and  most  of  the  structures  of  the  cord  can 
be  easily  recognised.  A  considerable  alteration  of  the  grey  matter 
is,  however,  produced  by  the  passage  of  the  large  bundles  of  the 
crossed  pyramidal  tract  from  the  lateral  column  of  the  spinal  cord 
on  each  side  through  the  root  of  the  anterior  horn  and  across  the 
anterior  median  fissure  to  the  opposite  anterior  column  of  the 
medulla  oblongata,  where,  together  with  the  fibres  of  the  direct 
pyramidal  tract,  they  constitute  the  prominent  mass  of  white  fibres 
which  is  seen  on  the  front  of  the  bulb,  on  each  side  of  the  middle 
line,  and  which  is  known  as  the  pyramid.  By  this  passage  of  fibres 
through  the  grey  matter  the  tip  of  the  anterior  horn  is  cut  off  from 
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the  rest  and  hacomea  pushed  as  it  were  to  the  side ;  part  of  i%M 
appears  as  an  isolated  mass  or  masses  of  grey  matter,  one  of  whiolia 
becomes  known  as  the  lateral  midms.  In  sections  just  above  thtP 
decussation  of  the  pyramids  a  wavy  maaa  of  grey  matter  i 


appearance   on   the  lateral   aspect   of  each  pyramid,    corresponding 
with  a  prominence  on  the  surface  which  is  known  aa  the  oUvr.     The 
wflTy  or  plicated  grey  matter  is  termed  the  olivary  nucleus  (fig 
to  449). 

The  pTiamidB  (anterior  pyramids)  of  the  medulla  oblongata  arei" 
formed  of  fibres  which  originate  in  the  motor  region  of  the  cerebral 
cortex,  and  which  can  be  traced  from  the  axons  of  large  cells  in  the' 
grey  matter  of  that  cortex  through  the  white  matter  of  the  hemisphere^' 
through  the  middle  third  or  more  of  the  internal  capsule  and  crusta, 
through  the  pyramid  bundles  of  the  pons  Varolii  and  into  these 
structures  (pyramids)  of  the  bulb,  Aa  we  have  just  seen,  they  pass 
\a  lower,  limit  of  the  bulb  chiefly  to  the  opposite  or  crossed 


I 
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lateral  column  of  the  cord,  but  portly  to  the  lateral   column  of  tlL « 
same  side,  and,  in  man  and  anthropoid  apea,  partly  to  the  anteria 
column.     They   coileetively    constitute    the  pyramidal  tract,  which  : 
smaller  in   the   medulla   oblongata   than   in    the   pons  Varolii,  sincifl 
many  of  its  fibres  have  left  the  main  tract  whilst  within  the  por:»s 
and  have  passed  acmas  the  middle  line  towards  the  grey  matter  on 
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'  the  doisal  aspect  of  the  pons  and  medulla  oblongata.  Sometimes 
auch  a  bundle  of  fibres,  after  passing  towards  the  sensory  nuclei  in 
the  lateral  part  of  the  medulla  oblongata,  does  not  end  in  them,  but 
again  comes  venti'al-warda  and  joins  the  main  or  central  |)art  of  the 
tract  near  its  decussation  {bundle  of  Pick). 

It  is  not  a  little  remarkable  that  although  the  fibres  of  tlie  pyramidal  tract 
give  off  numerous  collaterals  to  the  grey  matter  of  the  cerebral  cortex,  the 
basal  ganglia  of  tbe  cerebrum,  the  sutetantia  nigra  of  the  niid-braiu,  the 
nuclei  pontis  of  the  pons  Varolii,  and  the  base  of  the  posterior  bom  of 
the  spinal  cord,  no  collaterals  are  seen  to  leave  them  in  their  course  through 
the  medulla  oblonga,ta,  except  a  very  tew  to  the  olivary  nuclei.  Various 
obaervera  have  described  collaterala  and  teiininationB  of  the  pyramidal  fibres 
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as  passing  to  tlie  motor  nuclei  of  the  cranial  nerves  as  well  as  to  the  anterior 
horns  oF  the  Hpinal  cord,  but  statements  to  this  effect  must  be  received  with 
caution  for  although  uurrent  in  luost  text-booka,  they  have  not  been  Bub- 
Btantiated  by  accurate  observations.  It  is  certain  that  most  if  not  all  of  the 
fibres  of  the  pyramidal  tract  end  not  in  the  ventral  but  in  the  dorsal  part 
of  the  grey  matter  of  the  cord. 

A  change  also  occurs  in  the  posterior  horn  in  conaequence  of  the 
increased  development  of  the  posterior  column  of  white  matter.  This 
causes  the  posterior  horns  to  be  pushed  towards  the  side,  the  V  which 
they  form  with  one  another  being  thus  opened  out;  at  the  same  time 
the  tip  of  the  horn  swells  out  and  causes  a  promini^nce  upon  the  surface 
of  the  medulla  oblongata,  which  is  known  as  the  luhtrde  of  Bdando. 
Its  grey  matter  forms  the  prolongation  of  the  sensory  nucleus  of  the 
fifth  nerve.  On  its  outer  side  and  partly  embracing  it  is  a  hundle  of 
fibres  seen  in  every  section  of  the  medulla  oblongata,  and  traceable  up 
to  the  pons  Varolii.  This  is  the  inferior  or  descending  root  of  the  fifth 
nerve— formerly  known  as  the  "ascending"  root.  Its  fibres  extend 
down  as  far  as  the  upper  cervical  region  of  the  spinal  cord.  Grey 
matter  also  soon  becomes  formed  within  the  upward  prolongations  of 
the  gracije  funiculus  ( poster o-mesial  column),  and  of  the  cuneate 
funiculus  (postero-lateral  column)  appearing  at  first  as  thin  strands  in 
the  middle  of  the  columns,  but  rapidly  increasing  in  thickness  so  as 
eventually  to  occupy  almost  the  whole  of  them,  and  forming  the 
nucltus  gracilis  and  the  iivdeus  cunealus  respectively. 

It  is  in  these  nuclei  that  the  fibres  of  Goll's  and  Burdach's  tracts, 
which  are  continued  up  from  the  posterior  columns  of  the  spinal  cord, 
find  their  ultimate  ending  in  complicated  arborisalions  amongst  the 
cells  of  the  nuclei.  These  nuclei  do  not,  however,  receive  all  the 
ascending  brunches  of  the  posterior  root  fibres,  for  a  considerable 
number  of  these  have  already  disappeared  by  entering  the  grey 
matter  of  the  cord,  in  which  they  also  end  by  arborisation 
amongst  its  ceils.  The  cells  of  the  nucleus  gracilis  and  nucleus 
cuneatus  are  small  or  of  moderate  size  with  long  dendrons.  Their 
axons  pass  as  internal  arcuate  fibres  through  the  reticular  formation 
into  the  inter-olivary  layer,  cross  the  median  raphe  dorsal  to  the 
pyramids  (fig.  447),  and  then  turn  upwards,  constituting  the  Imet  of 
the  filltt.  This  tract,  which  in  its  lowest  part  is  thus  formed  by  the 
nerve-fibres  which  belong  to  the  second  relay  (or  second  neurones) 
of  one  of  the  sensory  spinal  paths,  is  reinforced  in  the  higher  regions 
of  the  medulla  oblongata  and  in  the  pons  by  fibres  derived  from 
cells  of  the  sensory  nuclei  of  the  cranial  nerves.  The  majority  of 
its  fibres  end  in  the  lateral  nucleus  of  the  thalamus,  but  some  pass 
to  both  the  anterior  and  posterior  corpora  quadrigemina. 
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Acfordiiig  to  Van  GehncLteii  the  fihrea  of  the  fillet  which  are  derived 
the  nucleus  cuueatus  lie  dursally  to  thoae  which  are  derived  from  the 

The  continuation  of  the  central  eanai  of  the  spinal  cord  is  still  seen  in 
the  lower  medulla  oblongata  (figa.  446,  447),  but  it  comes  nearer  to  the 
posterior  surface  and  eventually  opens  out  at  the  point  of  the  calamus 
scriptoriue  of  the  4th  ventricle  (fig.  448).     The  grey  matter  which 


(Hagnified  &i  diameten.} 


surroundB  it  contains  two  well-marked  groups  of  nerve-cells ;  the 
anterior  (ventral)  of  these  is  the  lower  part  of  the  nudeus  of  the 
hypoglossal  or  twelfth  nerve,  the  posterior  (dorsal),  with  smaller  cells, 
that  of  the  vago-acr^sonj  or  tenth  and  eleventh.  But  most  of  the  grey 
matter  of  the  crescent  becomes  broken  up,  by  the  passage  of  bundles 
of  nerve-fibres  through  it,  into  a  reticular  formation  the  production  of 
which  is  already  foreshadowed  in  the  upper  part  of  the  spinal  cord. 
Instead  of  the  comparatively  narrow  isthmus  which  joins  the  two 
liaives  of  the  spinal  cord,  a  broad  raphe  now  makes  its  appearance } 


trance ;    j 
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this   ia   formed    of  o)iliqueIy   and   antero-poateriorly    coursing   fihree, 
together  with  some  grey  matter  containing  nerve-celle. 

lu  the  section  at  about  t/ie  middle  of  the  olive  (fig.  449),  it  will  be  seen 
that  a  marked  change  haa  been  produced  in  the  form  of  the  medulla 
oblongata  and  the  arrangement  of  its  grey  matter,  by  the  opening  out 
of  the  central  canal  into  the  fourth  ventricle.     This  causes  the  grey 


matter  which  lower  down  surrounded  the  central  canal  to  be  i 
spread  out  at  the  floor  of  that  ventricle,  and  the  collections  of 
nervB-cells  from  which  the  hypoglossal  and  vagus  nerves  respectively 
arise,  now,  therefore,  lie  in  a  corresponding  situation  near  the 
ventricular  floor.  .\t  this  level  the  outer  small-celled  group  which 
corresponds  with  the  nucleus  of  the  spinal  accessory  in  the  lower  part 
of  the  bulb  has  become  the  dor&al  nucleus  of  Uk  vagus  or  tenth  nerve, 
and    yet    higher   up   the   dorsal   nuelexts   of  the   ninth   nerve   or  ghsso- 
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pharyngeal.     The  nerve-bundles  of  the  roots  of  these  nerves  can  be 

seen  in  some  of  the  sections  (fig.  449)  coursing  through  the  thickness 

of  the  bulb  and  emerging,  those  of  the  hypoglossal  just  outside  the 

pyramids,  those  of  the  vagus  at  the  side  of  the  medulla  oblongata. 

The  posterior  part  of  the  section  is  chiefly  occupied  by  the  grey 

matter  of  the  floor  of  the  fourth  ventricle,  and  by  fibres  which  are 

passing  obliquely   upwards  and    outwards    towards    the    cerebellum, 

forming  its  inferior  crus  {restiform  body).     The  grey  matter  forming 

the  nucleus  of  the  funiculus  gracilis  and  of  the  funiculus  cuneatus  has 

now  almost  disappeared,  but  in  place  of  them  and  near  the  outer  part 

of  the  fl.oor  of  the  fourth  ventricle  are  seen  some  masses  of  grey  matter 

with  a  number  of  bundles  of  nerve-fibres  amongst  them.     The  grey 

matter  is  the  lower  part  of  the  principal  nucleus  of  the  vestibular 

nerve  (see  p.  387),  and  the  white  bundles  are  formed  of  descending 

branches  of  the  fibres  of  that  nerve.     Below  these  structures  is  the 

descending  root  of  the  5th,  with  its  descending  nucleus  mesial  to  it. 

The  anterior  part  of  the  section  is  occupied  in  front  by  the  pyramid, 

and  behind  this  by  a  reticular  formation  {reticularis  alba)j  composed  of 

longitudinally  coursing  bundles  of  fibres  belonging  mainly  to  the  trad 

of  the  fillet  and  to  the  dorsal  and  ventral  (posterior  and  anterior)  longi- 

tvdinal  bundles^  interlaced  with  internal  arcuate  fibres  that  are  passing 

across  the  raphe  from  the  nuclei  of  the  contralateral  posterior  columns 

into  the  fillet,  and  from  the  opposite  olive  into  the  restiform  body. 

The  middle  portion  of  the  section  consists  for  the  most  part 
of  a  similar  reticular  formation,  but  with  more  grey  matter  and 
nerve-cells  {reticularis  grisea).  This  is  a  development  of  the  formatio 
reticularis  of  the  cervical  cord,  and  the  longitudinally  coursing 
white  bundles  in  it  are  probably  association  fibres,  derived  from 
cells  in  the  upper  part  of  the  cord.  On  the  other  hand  the 
nerve  cells  of  this  grey  reticular  formation  in  the  medulla  oblongata 
give  origin  to  fibres  which  bifurcate  and  pass  both  upwards,  probably 
serving  as  association  fibres  for  the  same  area  in  the  pons,  and 
downwards  towards  the  upper  part  of  the  cord.  Some  also  a-re  said 
to  give  origin  to  fibres,  which  either  after  traversing  the  raphe  or 
passing  directly  to  the  same  side  as  arched  fibres,  eventually  enter 
the  cerebellum  through  the  inferior  peduncle  (Van  Gehuchten), 

Ventro-laterally  is  the  olive,  within  which  is  developed  a  peculiar 
wavy  lamina  of  grey  matter  containing  a  large  number  of  nerve-cells ; 
this  is  the  dentate  nucleus  of  the  olive.  The  lamina  is  incomplete  at  its 
mesial  aspect  {hilus  olivce),  and  here  a  large  number  of  fibres  issue,  and, 
passing  through  the  raphe,  course  as  internal  arcuate  fibres  to  the 
opposite  restiform  body,  and  thus  to  the  cerebellum.     Some,  however, 
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turti  sharply  round  and  course  helov  the  dent&to  nucleus,  forming  an 
investment  and  capsule  to  it  {sUigua  oUvm),  and  pass  towards  the 
restiform  body  of  the  same  side :  but  the  main  connection  of  the 
olivary  nucleus  is  with  the  cerebellar  hemisphere  of  the  opposite  side. 
The  olives  receive  numerous  coUatorals  from  the  neighbouring  white 
columns,  including  a  few  from  the  pyramids.  Just  dorsal,  or  dorso- 
lateral to  the  olive,  is  the  continuation  upwards  of  the  vejitral  spiiut- 
cerebelUir  Imiidle  (tract  of  Gowera)  of  the  spinal  cord ;  the  continuation 
of  the  dorsal  spino-^^eTebelhr  humlle  (tract  of  Flechsig),  just  above  it, 
is  now  passing  into  the  restiform  body. 

A  tract  of  fibres  which  arise  within  the  thalamus  passes  over  the 
lateral  surface  of  the  nucleus  olivte  and  ends  within  its  grey  matter 
{ihalanio-olimi-y  tract,  central  te.gmtntal  tract  of  Bechterew).  The  cells 
of  the  dentate  nucleus  have  numerous  dendrons ;  their  axons  all  pass 
towarde  the  hiliis,  where  they  emerge,  and,  for  the  most  part,  cross 
the  raphe,  pierce  the  opposite  olivary  nucleus  and  pass,  as  already 
mentioned,  into  the  restiform  body  (ulivo-cerebellar  Irnct). 

Nerves  arising  from  the  medulla  ohlongata.— The  ]2th,  11th,  10th, 
9th,  and  8th  nerves  all  take  origin  in  the  medulla  oblongata,  and  their 
fibres  may  be  seen  emerging  ou  either  aide,  those  of  the  12th  ventrally 
between  the  pyramid  and  oltve,  and  those  of  the  other  three  nerves  in 
succession  at  the  side  of  the  medulla  oblongata  between  the  olive  and 
restiform  body. 

The  Xllth  or  hypoglossal  nerve  arises  from  a  well-marked  nucleus 
of  large  cells,  similar  to  those  of  the  anterior  horn  of  the  cord.  This 
nucleus  is  situated; — in  the  lower  part  of  the  bulb,  vcntro-lateral  to 
the  central  canal  (fig.  447) ;  in  the  upper  part,  near  to  the  floor  of  the 
4th  ventricle,  close  to  the  middle  line  (figs.  448,  449).  None  of  the 
fibres  cross  to  the  opposite  side ;  according  to  Van  Gehuchten,  this  is 
true  of  all  the  cranial  nerves,  except  a  few  fibres  of  the  3rd  nerve  and 
the  whole  of  the  4th  nerve.  The  hypoglossal  nucleus  extends  through- 
out about  the  lower  two-thirds  of  the  bulb  (fig.  450,  nXII.).  It 
receives  many  collaterals  from  adjacent  sensory  tracts  in  the  reticular 
formation  and  from  the  descending  sensory  nuclei  of  the  oth,  9th,  and 
10th  nerves,  as  well  as  from  the  posterior  longitudinal  bundle.  These 
form  a  plexus  of  fine  fibrils  within  the  nucleus  which  is  highly 
characteristic.     A  similar  plexus  is  seen  in  the  oculomotor  nucleus. 

Mesial  to  the  hypoglossal  nucleus,  in  the  open  part  of  the  medulla 
oblongata,  is  the  nucleus  of  ilie  fasdculiis  teres,  a  column  of  moderate 
flized  cells  which  extends  towards  the  caudal  end  of  the  pons  and 
appears  to  receive  filires  from  the  cerebellum  (Edinger). 

The  Xlth  nerve  or  spinaJ  accessory  begins  to  take  origin  from  cells 
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in  the  lateral  part  of  the  grey  matter  of  the  spinal  cord  as  low  down 
as  the  5th  cervical  nerve.  Its  fibres  from  the  cord  (spinal  fibres)  are 
those  to  the  (voluntary)  stemomastoid  and  trapezius  muscles.  They 
pass  from  the  cells  of  origin  in  the  lateral  horn  {meter  nuclms)  at  first 
dorsalwards  and  then  take  a  sharp  bend  outwards  through  the  lateral 


column  to  emerge  at  the  aide  of  the  cord  and  medulla  oblongata.  The 
bulbar  fibres  (which  join  the  vagus)  take  origin  in  a  nucleus  of 
relatively  small  cells  which  lies  dorso-l  ate  rally  to  the  central  canal  of 
the  medulla  oblongata  and  behind  the  hypoglossal  nucleus.  This 
nucleus  is  continuous  above  with  the  corresponding  nucleus  of  the 
vagus,  and  with  it  forms  the  dorsal  <iccessory-wigus  nudevs  (figs.  447  to 
450).  Below,  it  extends  nearly  as  far  as  the  first  cervical  nerve ; 
its  upper  part  (vagal  part)  is  in  the  floor  of  the  4th  ventricle  lateral  to 
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the  hypoglossal  nucleus,  and  extends  nearly  as  far  as  the  lower 
border  of  the  pons.  Of  the  whole  nucleus  about  the  lower  two-thirds, 
i,e,  as  far  as  the  lower  end  of  the  calamus  scriptorius  gives  origin  to 
fibres  of  the  accessory.  These  fibres,  as  already  stated,  join  the  vagus, 
to  which  they  supply  the  motor  fibres  of  the  thyro-arytenoid  muscles 
(Van  Gehuchten).     The  12th  and  11th  nerves  are  entirely  efferent. 


€f,n.X.X/. 


Fig.  451.— Plan  of  the  origin  of  the  XIIth  and  Xth  nerves. 

jjjrr,  pyramid  ;  n.XII.,  nucleus  of  hypoglossal ;  XIL,  hypoglossal  nerve ;  d.n.X.  XL,  dorsal 
nucleus  of  vagus  and  accessory ;  n.amb.,  nucleus  ambiguus ;  f.s.,  fasciculus  solitarius 
(descending  root  of  vagus  and  glosso-pharyngeal) ;  f.s.n.,  its  nucleus;  X.,  crossing 
motor  fibre  of  vagus  ;  g,  cell  in  ganglion  of  vagus  giving  origin  to  a  sensory  fibre  ; 
d.  F.,  descending  root  of  fifth ;  c.r.,  corpus  restiforme. 


The  Xth  nerve  or  vagus  (pneumogastric)  contains  both  motor 
(efferent)  and  sensory  (afferent)  fibres.  The  efferent  fibres  arise  (1)  from 
the  upper  part  of  the  dorsal  accessory-vagus  nucleus  just  described, 
(2)  from  a  nucleus  of  grey  matter  containing  large  cells  situated  in 
the  reticular  formation  (figs.  449,  451,  n.amb.).  This  nucleus  begins 
near  the  lower  limit  of  the  bulb  and  extends  nearly  to  the  facial 
nucleus,  which  it  resembles  in  general  position :  it  is  known  as  the 
nvcleus  ambiguus  {ventral  nucleus  of  the  Xth  nerve).  The  axons  of  its 
cells  are  directed  at  first  backwards  and  inwards  and  then  turn  sharply 
round  in  the  lateral  direction  to  join  the  rest  of  the  issuing  fibres 
of  the  nerve,  coursing  in  the  same  manner  as  the  spinal  fibres  of 
the  accessory ;  indeed,  this  nucleus  is  continuous  below  with  the 
cohimn  of  cells  from  which  those  fibres  take  origin. 

The  sensory  fibres  take  origin  in  the  ganglion  of  the  root  and  the 
ganglion  of  the  trunk  {jugular  and  plexiform  ganglia)  of  the  nerve,  from 
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unipolar  cells  like  those  of  the  spinal  ganglia  (fig.  451,  g).     They  enter* 
the  medulla  oblongata,   and   then   bifurcate,    one    branch,    a    short* 
(ascending)  one,  passing  at  once  into  the  upper  sensory  or  principal 
wacleusy  the  other,  a  long  one,  descending.      The  descending  fibre& 
(with  similar  fibres  of  the  IXth  and  those  of  the  pars  intermedia  of 
the  Vllth)  form  the  so-called  fasciculus  solitarius  (figs.  448,  449,  451) 
{descending  root  of  facial,  vagus,  and  glossopharyngeal),  which  is  traceable 
to  the  lower  limit  of  the  medulla  oblongata ;  they  end  in  grey  matter 
which  lies  along  its  mesial  border  {descending  nucleus  of  facial ,  vagus, 
and  glossopharyngeal).     This  nucleus  approaches  the  middle  line  as  it 
descends,  and  in  some  animals  terminates  by  joining  its  fellow  of  the 
opposite  side  over  the  central  canal  to  form  the  commissural  nucleus  of 
Cajal.     The  upper  sensory  nucleus  {principal  nucleus),  in  which  the 
short  branches  from  the  sensory  root  end,  lies  in  grey  matter  near  the 
floor  of  the  ventricle,  and  is  continuous  with  that  which  accompanies 
the  fasciculus  solitarius. 

The  IXth  or  glossopharyngeal  nerve  also  contains  both  efferent  and 
afferent  fibres.  The  former  have  their  cells  of  origin  in  a  special 
nucleus  which  occupies  a  position  similar  to  that  of  the  nucleus 
ambiguus,  but  is  mesial  to  the  anterior  end  of  that  nucleus,  and  just 
below  the  nucleus  of  the  facial  {motor  nucleus  of  glossopharyngeal).  The 
afferent  fibres  of  the  nerve  arise  in  the  upper  or  jugular  and  petrosal 
ganglia  from  unipolar  cells  like  those  of  the  spinal  ganglia.  Their 
central  axons  enter  the  medulla  oblongata,  and,  like  other  sensory 
fibres,  bifurcate  into  two  branches,  ascending  and  descending.  Their 
course  is  like  those  of  the  vagus,  the  descending  passing  down  in  the 
fasciculus  solitarius  (extending  to  about  one-third  of  its  length,  Bruce), 
and  ending  by  arborising  in  the  grey  matter  accompanying  it  {descend- 
ing root  and  nucleus),  while  the  ascending  branches  pass  nearly 
horizontally  backwards  and  inwards  to  a  nucleus  {principal  nucleus) 
beneath  the  inferior  fovea  of  the  floor  of  the  ventricle  which  is  con- 
tinuous with  the  upper  end  of  the  nucleus  of  the  descending  root.  The 
arrangement  is  almost  exactly  a  counterpart  of  that  of  the  vagus 
shown  in  the  diagram  given  in  fig.  451. 

According  to  Edinger  the  sensory  nuclei  of  these  nerves  receive  fibres  from 
the  cerebellum,  constituting  a  cerebello-bulbar  tract,  which  is  much  better 
marked  in  lower  vertebrata  than  in  man  and  mammals. 

The  Vlllth  nerve. — A  section  taken  through  the  uppermost  part  of  the 
olivary  prominence  will  still  show  very  much  the  same  form  and 
structural  arrangements  as  that  just  described.  The  nucleus  of  the 
hypoglossal  (fig.  452,  n.XII.)  is  still  visible  in  the  grey  matter  of  the 
floor  of  the  ventricle  near  the  middle  line,  but  the  nerve  which  is  now 
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seen  connected  with  the  lateral  part  is  the  &gkilt  or  auditory  {FIJI.), 
the  hundlos  of  which,  as  they  enter  the  bulb,  embrace  the  inferior 
cms  of  the  cerebellum  {corpus  restiforme-,  c.r.),  which  ia  now  passing 
into  that  organ.  The  origin  of  the  eighih  tierve  ia  thus  subdivided 
into  two  principal  parts,  known  respectively  as  the  dorsal  or  cochlear 
ind  the  ventral  or  vestibular  divisions  (fig.  452). 
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The  real  origin  of  the  nerve  fibres  in  these  roots  is  in  the  ganglion 
of  the  cochlea  and  the  giinffUon  of  Scarpa  respectively.  These  ganglia, 
Tfaioh  are  situated  at  the  periphery  within  and  near  the  internal  ear, 
«re  composed  of  bipolar  cells,  of  which  the  peripheral  axons  end  by 
ramifying  amongst  the  cells  of  the  auditory  epithelium,  and  the 
central  axons  form  the  cochlear  and  the  vestibular  divisions  of  the 
auditory  nerve  and  pass  into  the  medulla  oblongata  in  the  manner 
ire  described. 

The  fibres  of  the  dorsal  or  cochlear  (Uvision  (cochlear  nerre) 
bifurcate  as  they  enter  the  medulla  oblongata.  Each  fibre  divides 
to  a  thick  and  a  thin  branch.  The  thicker  branches  pass  partly  to 
mass  of  ganglion  cells  which  is  wedged  in  between  the  two  roots 
id  the  restiform  body,  and  is  known  as  the  ucassory  auditory  nucleus 
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(figs.  452 ;  453,  n.acc.),  applying  theniHelvea  with  a  peculiar  form  of 
terminal  arborisation  to  the  cells  of  this  nucleus,  partly  orer  the 
restiform  body  to  terminate  in  a  prominent  mass  of  grey  matter  which 
overlies  that  body  and  also  extends  to  the  lateral  part  of  the  floor  of  th& 
fourth  ventricle  at  its  widest  part  (lateral  nacleus,  tvbercalum  actaticum). 
The  cells  of  the  tubercle  have  a  peculiar  spindle  shape  and  are  setw 
vertically  to  the  surface.  They  appear  to  begin  in  the  root  itself,  lying 
amongat  the  fibres  of  the  nerve.     Here  they  are  sometimes  spoken  of 


Fig.  463.— Plan  of  t 


as  forming  the  "ganglion  of  the  root."  The  thinner  branches  of  the 
bifurcated  cochlear  fibres  pass  downwards  for  a  certain  distance  and 
break  up  into  a  plesua  of  fine  fibrils. 

These  two  nuclei,  viz.,  the  accessory  nucleus  and  the  acoustic 
tubercle,  are  the  nuclei  of  ending  of  the  cochlear  fibres.  From  their 
nerve-cells  new  fibres  arise  which  continue  the  auditory  path  centrally 
(see  fig.  463).  Those  from  the  accessory  nucleus  enter  the  Irapeidwn 
— which  consists  of  transverse  fibres  running  behind  the  pyramid 
bundles  of  the  pons  Varolii — and  pass  in  it  partly  to  the  superior 
olive  and  trapezoid  nucleus  of  the  same  side  of  the  pons,  but  mostly 
to  the  corresponding  atnictures  on  the  opposite  aide.  Some  end  in 
those  nuclei,  but  others  merely  traverse  them,  giving  off  numerous 
collaterals  to  them  and  to  the  superior  olives  and  other  nuclei  close 
by  (see  p.  392),  and  then  turn  upwards  in  the  lateral  part  of  the 
tract  of  the    fillet   to   pass  ultimately  towards   the   inferior  corpora 
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quadrigemina ;  in  tending  towards  these  structures  at  the  side  of  the 
mid-hrain  they  form  the  iatmtl  fillet,  or  fUlet  of  Reil,  which  is  there 
conspicuous.  Some  of  the  fibres  from  the  cells  of  the  accessory 
nucleus  do  not  pass  directly  to  the  trapezium,  but  first  curve  round 
(he  restiform  body  (Held);  these  form  the  most  dorsally  situated  fibres 
of  the  trapezium.  The  fibres  which  arise  in  the  acoustic  tubercle  pass 
for  the  most  part  over  the  floor  of  the  fourth  ventricle,  where  they 
are  seen  superficially  as  the  mednUary  or  acousiic  slriie,  and,  entering 
the  raphe,  traverse  it  from  behind  forwards,  and  then  join  the  others 
from  the  accessory  nucleus  in  their  course  to  the  superior  olive  and 
lateral  fiJlet  of  which  they  constitute  the  deeper  layer.  A  few  fibres 
are  directed  into  the  fillet  of  the  same  side  as  their  cells  of  origin. 

Edinger  states  that,  at  least  in  the  dog,  all  the  fibres  of  the 
trapezium  end  in  its  nucleus  or  in  the  superior  olivary  nucleus,  the 
central  acoustic  path  being  whoDy  continued,  so  far  as  the  trapezium 
fibres  are  concerned,  by  fresh  neurones,  the  cell-bodies  of  which  lie  in 
those  nuclei,  and  the  axons  of  which  pass  into  the  lateral  fillet.  On 
the  other  hand,  from  the  cells  in  the  tubereulnm  acuaticum,  the  axons 
are  said  to  be  continued  upwards  in  the  opposite  lateral  fillet  without 
the  intervention  of  any  corresponding  nuclei.  The  lateral  fillet  passes 
above  into  the  posterior  colliculus  of  the  raid-brain. 

The  accessory  nucleus  also  receives  fibres  from  the  trapezium,  which 
end  by  ramifying  amongst  its  cells.  These  are  perhaps  derived  from 
the  accessory  nucleus  of  the  opposite  side. 

Both  sets  of  fibres  (from  the  accessory  nucleus  and  tuberculum) 
give  oS  collaterals  near  their  origin,  which  terminate  within  these 
nuclei. 

The  ventral  or  veBtibulai  division  (vestibular  nerve),  which  enters 

little  in  front  of  (above)  the  cochlear  division,  passes  between  the 
restiform  body  and  the  descending  root  of  the  fifth  (fig.  453),  to  enter 
ji  mass  of  grey  matter  containing  for  the  most  part  cells  of  small  size, 
which  is  termed  the  pi-incijial  or  dorsal  nucleus  of  the  vestibular 
division.  Here  each  of  its  fibres  divides  with  a  Y-shaped  division 
an  ascending  and  a  descending  branch  (fig.  454).  The  descending 
tranches  are  collected  into  small  bundles  {de^cejiding  vestibular  root) 
which  run  downwards  towards  the  lower  part  of  the  medulla  oblongata, 
lind  gradually  end  by  arborising  around  cells  in  the  adjacent  grey 
matter  (descmding  ve^tihvlaT  nucleus),  which  is  contiimed  down  from  the 
Itrincipal  nucleus.  The  ascending  branches  pass  upwards  on  the  inner 
•ide  of  the  restiform  body  towards  the  nucleus  tecli  of  the  cerebellum. 
}n  their  course  they  give  ofl'  numerous  collaterals  which  arborise  round 
(he  large  cells  of  two  nuclei  which  occur  in  this  part  of  the  medulla 
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oblongata  and  pons  near  the  outer  part  of  the  floor  of  the  fourths 
ventricle.  These  two  nuclei  are  termed  the  nucleus  of  Veiters  and  th^ 
nudeus  of  Bechterew  respectively  (fig.  454). 

Van  Gehuchten  states  that  the  uncleus  of  Bechterew  alone  receives  fibres 
from  the  ascendin?  brsnches  and  that  all  the  other  nuclei  (dorsal,  descending, 
and  nucleus  of    Deiters)    are  furuished  with  fibres  from  the  descending' 
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The  nucleus  of  Deitera  is  especially  characterised  by  the  large  size 
of  its  cells  and  by  the  manner  in  which  they  are  enveloped  as  by  a 
basket-work  by  the  ramifications  of  the  collaterals  in  question.  From 
these  cells  fibres  arise  which  pass  to  the  posterior  longitudinal  bundles 
of  both  aides :  in  these  the  fibres  bifurcate  (Cajal),  one  branch  passing 
upwards  to  the  oculomotor  nucleus  and  giving  off  collaterals  to  the 
nucleus  of  the  sixth  nerve,  and  the  other  downwards,  eventually 
reaching  the  anterior  column  of  the  spinal  cord  (antero-lateral 
descending  tract)  and  terminating  by  arborisations  amongst  the  cells  of 
the  anterior  horn  (see  p.  365).  By  means  of  the  collateral  fibres  which 
supply  the  sixth  and  oculomotor  nuclei  it  is  probable  that  the  conjugate 
movements  of  the  two  eyes  are  brought  about.  Fibres  have  also  been 
described  as  passing  from  Deiters'  nucleus  to  the  nucleus  tecti  of  the 
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cerebellum.  Owing  to  its  connections  with  the  semicircular  canak, 
the  cerebellum,  the  oculomotor  nuclei,  and  the  nuclei  in  the  anterior 
horn  of  the  spinal  cord,  this  tmcleua  has  important  fanctions  in 
oonnection  with  co-ordination  of  head  and  eye  movements  and 
equilibration  in  general. 

The  fibres  which  originate  in  the  nucleus  of  Bechterew  pasa  into 
the  reticular  formation  and  become  longitudinal,  but  their  destination 
is  not  certainly  known.  Some  are  said  to  paas  into  the  anterior 
colum.n  of  the  cord. 

The  reticular  formation  Btill  occupies  the  greater  part  of  each  lateral 
half  of  the  bulb  between  the  grey  matter  at  the  floor  of  the  fourth 
ventricle  and  the  pyramids,  and  a  small  portion  of  the  olivary  nucleus 
may  still  be  seen,  as  may  also  the  descending  root  of  the  fifth  nerve 
with  its  adjacent  grey  matter. 

The  restifonn  body  is  formed  partly  of  the  fibres  of  the  cerebellar 
tract  of  Flechsig  of  the  same  side,  which  are  derived  below  from  the 
oeila  of  Clarke's  column,  and  pass  above  into  the  middle  lobe  of  the 
cerebellum,  partly  of  fibres  from  the  opposite  olivary  nucleus,  and 
partly  of  fibres  from  the  olivary  nucleus  of  the  same  side.  The  olivary 
fibres  pass  mainly  to  the  cerebellar  hemisphere.  According  to  some 
authorities  the  restiform  body  contains  iibrea  derived  from  the 
nucleus  gracilis  and  nucleus  cuneatus  of  the  opposite  side.  It 
is  said  also  to  receive  some  fibres  from  a  nucleus  which  lies  just 
outside  the  main  mass  of  grey  matter  of  the  funiculus  cuneatus,  and 
is  known  as  the  (tidm-  cuneate  nudeus. 

The  floor  of  the  fourth  ventricle  is  covered  by  a  layer  of  ciliated 
epithelium-cells,  continuous  below  with  those  lining  the  central  canal, 
and  above,  through  the  Sylvian  aqueduct,  with  the  epithelium  of  the 
third  and  lateral  ventricles.  The  epithelium  rests  upon,  and  the  pro- 
longed extremities  of  its  cells  assist  in  forming,  a  layer  of  tissue 
known  as  the  f,pmdyma  of  the  ventricle.  The  fourth  ventricle  is  roofed 
over  by  a  layer  of  pia-mater,  with  projecting  choroid  plexuses,  th& 
under  surface  of  which  is  covered  by  a  thin  epithelial  layer  continuous 
at  each  side  with  the  ciliated  epithelium  of  the  floor.  The  roof  becomes 
somewhat  thickened  as  it  is  continued  into  the  ependymal  layer  of  the 
fioor  of  the  ventricle  ;  this  thickened  part  {t<tRia  or  ligula,  figs.  448, 
449,  t),  is  ofteu  left  attached  when  the  thin  epithelial  roof  is  removed 
Along  with  the  pia-mater  which  covers  it. 
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LESSONS  XLIT.  and  XLIII. 

THE  PONS   VAROLII,  MESENCEPHALON,  AND 
THALAMENCEPHALON. 

1.  Sections  through  the  lower,  middle,  and  upper  parts  of  the  pons  Varolii. 

2.  Sections  across  the  region  of  the  corpora  quadrigemina,  one  at  the  level 
of  the  inferior,  the  other  at  the  level  of  the  superior,  pair. 

3.  A  section  across  the  posterior  part  of  the  third  ventricle  passing  through 
the  optic  thalami. 

In  all  the  above  sections  sketch  under  a  low  power  the  general  arrange- 
ment of  the  grey  and  white  matter,  inserting  the  positions  of  the  chief  groups 
of  nerve-cells. 

[The  tissue  is  hardened  and  the  sections  are  prepared,  stained,  and  mounted 
in  the  same  way  as  the  spinal  cord  and  medulla  oblongata.] 
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Sections  through  the  lower  part  of  the  pons  (figs.  455,  457,  459) 
show  much  the  same  arrangement  of  grey  and  white  matter  as  that 
met  with  at  the  upper  part  of  the  medulla  oblongata,  but  the  general 
appearance  of  the  sections  is  much  modified  by  the  presence  of  a  large 
number  of  transversely  coursing  bundles  of  nerve-fibres,  most  if  not  all 
of  which  are  passing  to  the  hemispheres  of  the  cerebellum  (fibres  of 
middle  peduncle  of  cerebellum ).i  Intermingled  with  these  bundles  is 
a  considerable  amount  of  grey  matter  {nvdei  pontis)  from  the  cells  of 
which  the  fibres  of  the  middle  peduncle  (of  the  opposite  side)  are 
derived. 2  Amongst  the  cells  of  the  nuclei  pontis  many  fibres  and 
collaterals  of  the  pyramidal  tract  end,  and  the  cortico-pontine  fibres 
also  terminate  here ;  thus  forming  a  connection  between  the  cerebral 
hemisphere  of  the  one  side  and  the  opposite  cerebellar  hemisphere 
(fig.  479).  The  continuation  of  the  pyramids  of  the  medulla  oblongata 
(fig.  455,  py)  is  embedded  between  these  transverse  bundles,  but  the 
pyramid  bundles  of  the  pons  are  much  larger  than  the  pyramids  of  the 
medulla  oblongata,  and,  in  addition  to  fibres  of  the  pyramidal  tract 

^  Some  of  the  most  anterior  of  these  peduncular  fibres  often  form  a  detached 
bundle  which  is  known  as  the  tcenia  pontis  (fig.  461). 

^  Other  of  these  fibres  have  been  described  as  arising  in  the  cerebellar  hemi- 
sphere and  crossing  the  raphe;  some  becoming  lost  amongst  the  cells  of  the 
opposite  nucleus  pontis,  and  some  passing  to  the  reticular  formation,  there 
becoming  longitudinal.  But  this  double  origin  is  denied  by  Van  Gehuchten, 
apparently  with  good  reason. 
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proper  (corfico-sjmial  si/stem),  derived  from  the  motor  area  of  the  cortex, 
they  are  largely  eoniposed  (especially  the  postero-lateral  bundles)  c 
s  {cortieo pontine  si/.item)  connecting  other  regions  of  the  cortex  wit 
this  part  of  the  hind-brain.  The  pyramid  bundles  are  separated  from 
the  reticular  formation  by  deeper  tranaversB  fibres,  which  belong  to 
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a  different  system  from  those  of  the  middle  peduncle.  They  form 
what  has  already  been  referred  to  as  the  trapezium  (figs.  453,  455);  a 
«ollection  of  fibres  which  forms  part  of  the  central  auditory  path,  and 
^•ome  of  which  appear  to  be  commissura!  between  the  auditory  nuclei 
of  the  two  sides.  The  fibres  of  the  trapezium  traverse  a  collection  of 
merve-cells  which  lies  mesial  and  ventral  to  the  superior  olivary 
nucleus,  and  is  known  as  the  nucleus  of  the  Irapeaium  (fig.  453,  n.lr.)- 

This  imcleus  ie  L-haracterised  by  the  peculiar  chalice-like  synapses  which 
"(he  entering  bjoub  of  the  krger 


r  acoustic  fibres  form  with  the  oell-bodieB 
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(Held)  (see  fig.  171,  p.  144).  According  to  Cajal  these  large  fibres  are  con- 
tinued directly  from  the  root-fibres  of  the  cochlear  nerve  and  are  not  derived 
from  the  cells  of  its  accessory  nucleus. 

The  olivary  nucleus  is  no  longer  seen,  but  there  are  one  or  two 
small  collections  of  grey  matter,  more  conspicuous  in  some  animals 
than  in  man,  which  lie  in  the  ventral  part  of  the  reticular  formation,  and 
are  known  as  the  superior  olivary  nucleus  (o.s.),  the  preolivary  nucleus^  and 
the  semilunar  nucleus  (Cajal).     All  these,  as  well  as  the  nucleus  of  the 
trapezium  itself,  are  connected  with  the  fibres  of  the  trapezium  which 
form  the  central  auditory  path,  some  of  these  fibres  either  ending  in 
the  nuclei  in  question  or  giving  off  to  them  numerous  collaterals; 
whilst  from  the  cells  of  the  nuclei  axons  pass  into  the  trapezium  or 
into  the  adjacent  lateral  part  of  the  fillet  (see  p.  386).     On  the  other 
hand,  the  superior  olive  is  said  to  receive  fibres  from  the  posterior 
colliculi  of  the   corpora  quadrigemina.     The  nucleus  of  Deiters,  which 
begins  to  appear  in  the  upper  part  of  the  medulla  oblongata,  where  it 
has  been  already  studied  (p.  388),  extends  into  the  pons  Varolii,  where 
it  lies  near  the  floor  of  the  fourth  ventricle,  a  little  mesial  to  the  resti- 
form  body  {D,  fig.  455).     The  nerve-fibres  connected  with  its  cells  pass 
towards    the   middle  line   and  enter   the  posteriw  longitudinal  bundle. 
Here,  as  already  stated,  they  divide,  one  branch  passing  upwards  in 
the  bundle  and  terminating  by  arborescence  chiefly  in  the  opposite 
oculomotor  nucleus :   the  other  branch  extending  downwards  in  the 
medulla  oblongata  and  cord.     In  the  spinal  cord  they  are  found  in 
the  antero-lateral  descending  tract ;  fibres  from  each  nucleus  of  Deiters 
occur  in  both  of  these  tracts  (E.  H.   Fraser).     They  terminate  by 
arborescence  in  the  anterior  horn  of  the  spinal  cord. 

The  nerves  which  enter  or  emerge  from  the  grey  matter  of  this  region 
of  the  brain  are  part  of  the  eighth,  the  seventh,  the  sixth,  and  somewhat 
higher  up  the  ffth  cranial  nerves.  Of  these  the  eighth  (already 
considered)  and  fifth  are  connected  with  groups  of  nerve-cells  which 
occupy  the  grey  matter  opposite  the  external  border  of  the  floor  of 
the  ventricle;  the  sixth  with  a  nucleus  which  is  also  placed  in  the 
grey  matter  of  the  floor  of  the  ventricle  but  nearer  the  middle  line, 
and  the  seventh  with  a  special  nucleus  which  lies  in  the  formatio 
reticularis. 

The  Vllth  or  facial  nerve  and  the  nerve  of  Wrisberg  (pars 
intermedia). — The  motor  fibres  of  the  seventh  nerve  arise  from  the  facial 
nucleus  (in  the  formatio  reticularis)  which  is  homologous  with 
the  nucleus  ambiguus  seen  in  sections  of  the  medulla  oblongata  It  has 
been  shown  that  the  motor  fibres  to  the  stapedius  arise  from  the  mesial 
part  of  the  nucleus  and  then  in  succession  those  of  the  external  ear 
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muscles,  those  of  the  mouth  and  face,  and,  finally,  from  a  group  of  eella 
aituated  doreally  to  the  rest,  the  motor  fibres  supplied  by  the  auperior 
branch  of  the  nerve  (Mariiiesco,  Van  Gehuchten).  From  the  nucleus  of 
origin  the  fibres  first  pass  obliquely  backwards  to  the  floor  of  the 
ventricle,  then  longitudinally  upwards  for  a  short  distance  (figs.  450,  A, 
456),  and  finally  bend  obliquely  forwards  and  downwards  to  emerge 
between  the  transverse  fibres  at  the  side  of  the  pons.  None  of  its 
fibres  are  derived  from  the  nucleus  of  the  sixth,  as  has  sometimes  been 
supposed.       As  it  curves  over  this  nucleus  it  gives  off  a  bundle  of 


fine  fibres  which  cross  the  raphe,  but  their  destination  is  unknown. 
The  nucleus  of  the  facial  receives  collaterals  from  the  adjacent  sensory 
tracts  in  the  formatio  reticularis. 

The  facial  is  not  a  purely  motor  nerve,  but  has  a  ganglion  upon  it  of 
the  spinal  type  {geniculate  ganglion)  from  which  fibres  arise  (fig.  450,  B) 
which  pass  ctintrally  into  the  pars  intermedia  of  Wrisberg,  which  enters 
the  pons  between  the  seventh  and  eighth  nerves,  and  the  fibres  of  which 
bifurcate  into  ascending  and  descending  branches  like  other  sensory 
nerves  ;  the  descending  branches  pass  into  the  solitary  bundle  and  end 
like  those  of  the  glossopharyngeal  in  the  upper  part  of  its  accompany- 
ing grey  matter.  The  peiipheral  axons  of  the  cells  of  the  geniculate 
'lion  pass  into  the  large  superficial  petrosal  and  chorda  tympani — 
to  which  they  probably  furnish  gustatory  fibres.     Other  (efferent)  fibres 
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pass  into  the  pars  intermedia,  and  ultimately  into  the  chorda  tympani 
from  certain  large  cetls  which  occur  in  the  dorsal  part  of  the  facial 
niieleus.  Tbeae  are  probably  the  salivary  and  vasodilator  fibres  of  the 
chorda. 

The  Vlth  nervs  (abducens). — The  fibres  of  the  sitth  iierve  {figs.  4B0, 
456),  which  are  purely  motor,  pass  out  from  the  mesial  aspect  of  the 
nucleus  and  turn    forwards;    traversing   the    pyramid    bundlea    they 


whits  matter  ntoore.    /  / 
boUar  homiaphe—   — '-^ >' 


Magnifleil 


I  emerge  at  the  lower  margin  of  the  pons.  A  few  fibres  are  derived  from 
a  small  ventral  nucleus  lying  near  the  nucleus  of  the  facial ;  these  run  at 
first  backwards  and  then  turn  forwards  to  join  the  others  (Van 
Gehuchten)  (fig.  456,  «'  Fl.). 
The  Vth  or  trigeminal  nerve  emerges  at  the  side  of  the  pons  iii  two 
roots,  a  smaller  motor  and  a  larger  sensory. 
The  motor  root  is  derived  partly  from  fibres  which  arise  in  the  upper 
part  of  the  pons  and  lower  part  of  the  mesencephalon  from  large 
spherical  unipolar  nerve-cells  lying  at  the  aide  of  the  grey  matter 
bounding  the  Sylvian  aqueduct  {aceessory  or  mperim-  motor  nucleus  of 
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fifth,  fig.  450,  nVms;  fig.  458,  m'n.V.),  partly  from  the  motor  nucleus 
proper  (figs.  450,  JiVm  \  458,  mn.V.)  which  lies  in  the  grey  matter  at 
the  lateral  edge  of  the  fourth  ventricle  (fig.  4:57).  As  they  pass  the 
motor  nucleus  proper  the  fibres  from  the  superior  or  accessory  nucleus 
give  off  iuto  it  a  large  number  of  collaterals  which  ramify  between  and 
around  its  cells. 


Fro.  458.— Plan  oe 

t,  Oasseiian  ^nglltm  ;   n 


The  fibres  of  the  sensorij  root  are  derived  from  the  cells  of  the 
I  'Gasseriaa  ganglion  which  are  homologous  with  the  cells  of  the  spina! 
I  ^nglia.  These  fibres  of  the  sensory  root  when  traced  into  the  pons 
1  .are  found  to  bifurcate,  the  ascending  branches  ending  in  a  mass  of 
1  .8™y  matter  (p-indpal  sensonf  iiueUus  of  the  fifth,  fig.  468,  p.s.n.V.) 
[  lying  just  lateral  to  the  motor  nucleus,  while  the  descending 
I  branches  trend  downwards  into  the  medulla  oblongata  where  they  form 
f  "the  descending  or  spinal  root  of  the  fifth  (fig.  458,  d.&.V.);  some 
I  «ven  reach  the  upper  part  of  the  spinal  cord.  They  lie  immediately 
bterail  to  and  in  close  connection  with  the  substantia  gelatioosa  Eolandi 
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which  forms  the  inferior  sensory  nucleus  (d,s,n,F,),  and  which  is  con- 
tinued above  into  the  principal  nucleus.  The  substantia  gelatinosa 
which  forms  the  sensory  nucleus  of  the  fifth  contains  numerous 
nerve-cells,  both  small  and  large ;  many  of  the  small  cells  are  grouped 
into  nest-like  clusters  (islands  of  Calleja),  The  axons  of  the  larger  cells 
pass  for  the  most  part  across  the  raphe  to  the  formatio  reticularis  of 
the  opposite  side  where  they  reinforce  the  ascending  fibres  of  the 
intermediate  fillet,  but  some  ascend  in  the  fillet  of  the  same  side,  and 
others  pass  to  a  special  ascending  bundle  of  fibres  on  the  opposite  side  of 
the  raphe  which  lies  nearer  the  floor  of  the  fourth  ventricle,  and  in  the 
tegmentum  of  the  mid-brain  lies  lateral  to  the  posterior  longitudinal 
bundle ;  hence  it  is  continued  upwards  into  the  thalamus.  Collaterals 
are  given  off  from  these  ascending  fibres  to  the  adjoining  grey  matter, 
and  especially  to  the  nucleus  of  the  facial  nerve.  Branches  also  pass 
downwards  in  the  formatio  reticularis. 

Descending  tracts  in  the  pons  and  medulla  oblongata. — Besides  the 
fibi'es  of  the  pyramids,  which  are  much  more  numerous  in  the  pons 
than  in  the  medulla  oblongata,  and  which  send  numerous  collaterals 
into  the  grey  matter  of  the  nuclei  pontis,  there  are  several  other 
descending  tracts  of  fibres  in  the  pons  and  medulla  oblongata.  One  of 
these,  which  lies  mesial  to  the  fillet  (see  page  398)  consists  of  fibres 
(cortico-bulbar)  passing  from  the  motor  cortex  towards  the  nuclei  of  the 
facial  and  hypoglossal.  In  the  crusta  of  the  mid-brain  these  fibres  lie 
mesial  to  the  ordinary  pyramidal  fibres,  but  they  then  leave  the  latter 
and  pass  into  the  ventral  part  of  the  tegmentum  and  are  continued  down- 
wards in  the  formatio  reticularis  into  the  medulla  oblongata.  Another 
bundle,  consisting  of  both  ascending  and  descending  fibres  (vestibulo- 
motor),  is  very  distinct,  just  ventral  to  the  grey  matter  of  the  floor  of 
the  fourth  ventricle,  near  the  middle  line ;  this  is  the  dorsal  or  post&iior 
longitudinal  bundle;  as  already  noticed  (pp.  388,  392.  See  also  .p.  402) 
it  connects  Deiters'  nucleus  with  the  oculomotor  nucleus,  the  nucleus  of 
the  sixth,  and  the  anterior  horn  cells  of  the  spinal  cord  ;  it  probably  also 
receives  fibres  from  the  axons  of  the  large  cells  of  the  formatio  reticularis. 

Other  descending  tracts  in  the  pons  which  are  not  so  distinctly 
marked  in  the  normal  condition,  but  which  can  be  traced  by  the 
methods  of  Waller  and  Flechsig  are: — 1.  Monakow's  bundle;  2.  'The 
anterior  longitudinal  bundle ;  3.  The  'ponto-spinM  lateral  tract ;  4.  The 
vestibulospinal  tract ;  5.  The  central  tract  of  the  tegmentum. 

Monakow^s  bundle  or  the  ruh'o-spinal  tract  has  already  been  seen  as 
the  prepyramidal  tract  of  the  spinal  cord  (p.  365.  See  also  p.  403). 
Its  fibres  arise  from  the  cells  of  the  red  nucleus  of  the  mid-brain  of  the 
opposite  side,  crossing  the  raphe  in  ForeFs  decussation  (p.  403,  foot- 
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note).  In  the  upper  part  of  the  pone  it  JB  dorsal  to  the  mesial  lillet, 
tut  lower  down  runs  in  the  lateral  part  of  the  tegmentum,  dorsal  to 
the  lateral  fillet. 

The  anterior  longitudinal  bundle  (teclo-^val  trad)  conaistB  of  fibres 
which  ariee  in  the  opposite  superior  quadrigeminal  body,  these  cross 
the  raphe  in  Meynert's  decussation  (p.  403),  and  run  down  ventral  to 
the  posterior  longitudinal  bundle,  giving  off  collaterals  to  the  oculo- 
motor nuclei  and  the  nuclei  of  the  fourth  and  sixth  nerves  aa  they 
descend.  Its  fibres  eventually  mix  with  those  of  the  posterior 
longitudinal  bundle,  and  pass  into  the  anterior  column  of  the  cord, 
joining  the  antero-lateral  descending  tract  (p.  363). 

ITie  ponlo-spinal  lateral  tract  is  formed  of  fibres  which  arise  from  the 
large  ceils  of  the  reticular  formation,  and  run  down  within  the  lateral 
area  of  this  formation  in  the  pons  and  medulla  oblongata  to  reach  the 
part  of  the  lateral  column  of  the  cord  which  lies  between  the  grey 
matter  and  the  tracts  of  Monakow  and  Gowers.  It  is,  however,  mixed 
here  with  many  fibres  of  different  origin.  The  destination  of  its  fibres 
is  similar  to  those  of  the  posterior  and  anterior  longitudinal  bundles, 
tIz,  :  the  adjacent  grey  matter  of  the  anterior  horn. 

The  vestibulospinal  tract  is  composed  of  fibres  derived  from  the  cells 
of  the  nuclei  of  Deiters  and  Bechterew,  and  is  therefore  similar  in  its 
origin  to  the  fibres  of  the  posterior  longitudinal  bundle.  The  destina- 
tion is  in  part  also  similar,  for  the  filires  pass  below  into  the  anterior 
root  zone  of  the  cord  and  end  in  the  grey  matter  of  the  anterior  horn, 
but  in  their  course  downwards  they  lie  in  the  lateral  part  of  the  medulla, 
oblongata  mixed  up  with  those  of  Motiakow'a  tract  and  the  ponto-spinal 
tract,  as  well  as  with  the  ascending  fibres  of  Gowers'  tract. 

The  central  trad  of  the  tegmentum  (Bechterew)  runs  in  the  pons 
exactly  in  the  middle  of  the  reticular  formation  of  the  tegmentum,  but 
in  the  medulla  oblongata  it  lies  more  ventral !y  near  the  olivary 
nucleus,  beyond  which  it  has  not  been  traced.  The  origin  of  its 
fibres  is  not  certainly  known,  but  appears  to  be  the  thalamus ;  their 
destination  is  the  olivary  body  of  the  same  side  {see  p.  381,  thalamo- 
clivary  trad). 

Ascending  tracts  in  the  pons  and  mednlla  oblouKata. — In  the 
ventral  part  of  the  reticular  formation  is  a  very  well-marked  tract  of 
fibres,  somewhat  flattened  (narrow  in  section)  from  above  down  in  the 
pons ;  this  is  the  trad  of  the  fillet.  Its  fibres  are  partly  derived  from 
cells  in  the  nuclei  of  the  opposite  fasciculus  gracilis  and  fasciculus 
cuneatus  of  the  medulla  oblongata  which  have  crossed  the  raphe  as 
internal  arcuate  fibres;  partly  from  cells  in  the  nuclei  which  are 
connected  with  the  terminations  of  the  sensory  cranial  nerves. 
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In  the  mid-brain  the  fillet  splits  up  into  two  distinct  bundles  of  fibres 
termed  respectively  the  lateral  or  lower  and  the  intermediate  or  upper  fillet. 
The  fibres  of  the  lower  fillet  are  seen  at  the  side  of  the  mesencephalon 
(fillet  of  Reil),  and  are  traceable  partly  to  the  grey  matter  of  the 
inferior  corpora  quadrigemina  (fig.  465),  partly  to  the  mesial  geniculate 
body,  in  both  of  which  they  terminate;  they  are  derived  from  the 
sensory  nuclei  of  the  medulla  oblongata  and  pons  (mainly  from  the 
acoustic  nuclei).  Those  of  the  upper  fillet  go  to  the  thalamus  (fig. 
469) ;  they  are  chiefly  the  fibres  from  the  cells  of  the  opposite  posterior 
columns  of  the  medulla  oblongata. 

Besides  the  ascending  fibres  of  the  tract  of  the  fillet,  this  bundle 
includes  a  certain  number  which  degenerate  below  a  section  of  the  tract 
and  are  therefore  descending  (centrifugal) :  their  cells  of  origin  appear 
to  lie  in  the  thalamus ;  the  fibres  themselves  are  situated  mesial  to  the 
true  fillet  of  which  they  were  formerly  considered  to  be  a  part  (being 
termed  "  mesial "  fillet) :  they  form  a  thalamo-bulbar  tract.  Mesial  to  the 
tract  just  mentioned  is  a  bundle,  also  consisting  of  descending  fibres,, 
belonging  to  the  system  of  the  pyramidal  tract,  and  containing  fibres, 
which  eventually  come  into  relation  with  certain  of  the  cranial  motor 
nuclei  (Hoche).  This  constitutes  the  cortico-bvlbar  tract  (see  page  396). 
In  the  crusta  it  lies  dorso-lateral  to  the  other  pyramidal  tract  fibres. 

Many  of  the  fibres  which  continue  the  sensory  path  of  the  cranial 
nerves  upwards  lie  in  the  formatio  reticularis  (tegmentum),  somewhat 
dorsal  to  the  tract  of  the  fillet,  forming  a  homologous  but  not  clearly 
defined  tract,  which  rims  up  through  the  pons  and  mid-brain  to 
terminate  in  the  subthalamic  region  and  in  the  optic  thalamus  {central 
tract  of  the  sensory  cranial  nerves).  Another  ascending  tract  is  the  special 
bundle  of  fibres  from  the  sensory  nucleus  of  the  5th  to  the  thalamus 
previously  referred  to  (p.  396). 

At  the  upper  part  of  the  pons  (fig.  459)  the  fourth  ventricle  narrow* 
considerably  towards  the  Sylvian  aqueduct,  and  above  and  on  either 
side  of  it  two  considerable  masses  of  longitudinal  white  fibres  make 
their  appearance.  These  are  the  superior  peduncles  of  the  cerebellum, 
and  they  tend,  as  they  pass  forwards,  gradually  to  approach  the 
middle  line ;  across  which  immediately  below  and  in  the  region  of 
the  posterior  colliculi  of  the  corpora  quadrigemina  they  pass, 
decussating  with  one  another,  to  enter  the  formatio  reticularis  of  the 
opposite  side. 

The  fibres  of  the  superior  cerebellar  peduncles  for  the  most  part  take 
origin  in  the  cerebellum,  emerging  from  its  dentate  nucleus,  from  the 
cells  of  which  they  are  derived.  They  cross  the  raphe  in  the  mid-brain 
and  terminate  in  the  red  nucleus  of  the  (opposite)  tegmentum  ;  but  some 
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CB&EBEIXAB   VEBUIS.      (F.  W.  Mott.) 

p.cq.,  iKMteriqc  catpora  qimdrigemlnB :  iv.,  auperior  varniia  of  reraballiiin ;  J.iti.,  dorul 
juoBudlug  flerebQUu' tTHot ;  v.a.c,)  veiitiralaHcabdiiig<!fi»beU&rtfmct. 


PlO,   4B1,— ThK   OORPOHA   qUADHlGKMINA    A 

BEiAtN.    (EdEnger  from  G.  Beliziiu.) 
Smt*.  anl.  ciwd'Hi,  the  superior  cBrBbollar  pod  uboIob,  batwoon  them  thOKnturior  modul- 

curring  round  the  psdunclo;  hmniiKut,  tho  luttiritl  (Utot;    H.  trnehl.,  4th  uerTB^ 
X.  (*.,  fitb  narve. 
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tinned  up  in  the  lateral  column  of  the  medulla  oblongata  dorso-laterrf. 
to  the  olive  and  through  the  ventral  part  of  the  pons  Varolii  lateral  to 
(he  pyramid  bundles,  but  at  about  the  level  of  the  exit  of  the  fifth 
nerve  many  of  its  fibres  begin  to  pass  obliquely  towards  the  dorao- 
lateral  part  of  the  pons  {fig,  460),  where  the  suporior  cerebellar 
peduncle  is  emerging  from  the  cerebellar  hemisphere.  The  tract  in 
question  {anterior  or  ventral  spino-cerebellar  tract)  now  curves  over  the 
lateral  aspect  of  this  peduncle  (fig.  i61,  ir.  sptno-cereh.  vmir.),  and  then 
takes  a  sharp  backward  turn,  passing  over  its  dorsal  aspect  to  enter 
the  middle  lobe  of  the  cerebellum  in  the  superior  medullary  velum, 


I 
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In  sections  across  the  meseucephaloiL  (figs.  463  to  466),  the  upward  i 
continuity  of  the  paits  which  have  already  been  described  in  the  lower  | 
nerve  centres  can  still  in  great  measure  be  traced. 


FlO.  462.— SlOTIOBTBROUaHTHEOttiaiNOFTHBFOUBTH  NEBVR.      (Sohwalbe.) 
carried  along  the  eoane  vl  the  biiudloa  trum  the  ducIbuh  of  u'rli^ti  to  ttie  place  of 

bundJBa  amerglnK ;  *  y.  denusBHtiUD  of  tho  nervea  of  Qio  two  atdea  [  IV",a  bundle 
paulngby  thesldeot  theaoueducC  to  emergea  ItttU  lower  dewii;  n.i  r,  nucleus  uf 
tlis  (uurth  nerve ;  I,  lateral  fillet ;  i.tp..  nuperlor  perebellarpeduuele;  i.  is.  P.,  superior 
motor  rout  of  the  flttli  uervo ;  pi,  poatorlor  longitudinal  bundle ;  r,  raphe. 

The  Sylvian  aqueduct  (fig,  464,  Sy),  with  its  lining  of  ciliated 
epithelium,  represents  the  central  canal  of  the  cord  and  the  fourth 
ventricle  of  the  medulla  oblongata.  In  the  grey  matter  which  sur- 
rounds it  {central  grey  rnalier)  there  is  seen  in  all  sections  of  the  region 
a  group  (column)  of  large  nerve-cells  (octdomotw  nucleus)  lying  ventrally 
on  each  side  of  the  middle  line,  close  to  the  reticular  formation.  From 
the  lower  part  of  this  column  the  rootrbundlea  of  the  fourth  nerve  aiise 
at  the  lower  part  of  the  mesencephalon  and  pass  obliquely  backwards 
iind  downwards  around  the  central  grey  matter,  decussating  with 
those  of  the  opposite  side   to  emerge  just  above  the  pons  Varolii 


I 
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(figB.  469,  462).  Higher  up,  in  the  region  of  the  anterior  colllculi,  the 
bundles  of  the  third  nerve  spring  from  a  continuation  of  the  same 
nucleus  (fig.  465,  n.IIL),  and  these  pasa  forwards  and  downwards  with 
a  curved  course  through  the  reticular  formation,  to  emerge  at  the 
mesial  side  of  the  crusta.  According  to  Van  Gehuchten  some  of 
the  fibres  of  the  3rd  nerve  cross  the  middle  line  and  emerge  with 
the  nerve  of  the  opposite  side. 

Tegmentnm. — The  reticular  formation  of  the  pons  is  continued  up 
into  the  mesencephalon  and  is  here  known  as  the  tegmenlum.  It  is  com- 
posed as  before  of  lotigitudinal  and  transverse  or  arcuate  bundles  of  fibres 
with  much  grey  matter  intermingled.  The  transverse  fibres  include 
the  decussating  fibres  of  the  mperim-  peduncles  of  the  cerebellum  (s.c.p.), 


d.V.,  suportor  rootorthu  flflh  nerve;  i.tp.,  «iiporior  cerebellar  i>f3uncle;  /.  Utenii 
fillet:  111.,  tbird  nerve;  i>./7^  Its  nucleus.    The  doltsd  circle  in  B  Indicates  the 

which  are  derived  from  cells  in  the  dentate  nucleus  of  the  cerebel- 
lum, and  on  reaching  the  opposite  side  bifurcate.  Their  ascending 
branches  become  gradually  lost  amongst  a  number  of  nerve-cells  which 
collectively  constitute  what  is  known  as  the  red  nucleus  or  mucleus  of 
the  tegmentum,  whilst  the  descending  branches  turn  downwards  in  the 
reticular  formation  (Cajal)  (see  p.  399).  But  some  of  the  fibres  of  the 
superior  peduncle  go  on  past  the  red  nucleus  to  the  ventral  part  of 
the  thalamus.  The  red  nucleus  also  receives  fibres  in  its  lateral  aspect 
which  are  derived  from  the  lenticular  nucleus  of  the  corpus  striatum, 
and  some  of  which  arc  said  to  come  from  the  cerebral  cortex;  these 
fibres  form  a  sort  of  capsule  to  the  red  nucleus  before  entering  it 

Tracts  in  the  tegmentum. — 1,  Vestibulo-motor  tract;  posterior  longi- 
tvdiwil  bundle.— l'\na  is  well  marked  in  the  mid-brain,  and  gives  off 
many  collaterals  and  terminal  fibres  to  the  oculomotor  nucleus  which 
is  immediately  dorsal  to  it.  The  bundle  largely  consists  of  nerve 
fibres  derived  irom  ihe  cells  of  Deiters'  nucleus  (see  p.  388),  which 
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on  reaching  the  situation  of  the  bundle  either  on  the  same  or  on  the 
opposite  side,  bifurcate,  one  branch  ascending,  the  other  descending. 
But  it  receives  fibres  from  other  sources  than  Deitera'  nucleus,  e.g. 
from  large  cells  of  the  sensory  nucleus  of  the  5th,  and  from  large  cells 
in  the  reticular  formation  of  the  medulla  oblongata,  pons,  and  mid- 
brain. All  these  fibres,  like  those  from  Deiters'  nucleus,  bifurcate  on 
joining  the  bundle,  one  branch  passing  upwards,  the  other  downwards. 
Some  fibres  of  the  bundle  are  of  different  origin  from  the  rest,  arising 
beyond  the  oculomotor  nucleus.  These  are  very  fine ;  they  are 
descending  fibres,  and  are  traceable  from  the  cells  of  the  nucleits  of 
Ibe  posterior  longitudinal  bundle,  which  lies  in  front  of  the  Sylvian 
aqueduct  in  the  grey  matter  at  the  side  of  the  third  ventricle.  1 

Some  of  the  fibres  of  the  posterior  longitudinal  bundle  are  stated  tsM 
be  traceable  as  far  up  as  the  thalamus.  ^ 

The  bundle  gives  collaterals  not  only  to  the  oculomotor  nucleus  but 
also  to  the  nucleus  of  the  sixth,  and  probably  others  to  the  nuclei  of 
other  cranial  motor  nerves.  Its  descending  fibres  are  eventually 
continued  down  the  spinal  cord  in  the  antero-lateral  descending  tract, 
and  give  off  terminals  and  collaterals  to  the  anterior  horn. 

2.  Riibt'o-spinal  Iraet ;  Monaiow's  Imndle. — The  cells  of  the  red  nucleus 
send  their  axons  downwards  and  forwards.  They  form  Monakow's- 
bundle  or  the  rufrro-spinal  tntct,  which  ia  continued  below  into  the  pre- 
pyramidal  trad  of  the  spinal  cord. 

3.  Tectospinal  trad ;  anterior  lonyitudinal  bundie.-^-Oihei:  longitudinal 
fibres  of  the  tegmentum  are  those  of  the  fmtrkutus  retrofiezus  of  Meynert 
lying  mesially  to  the  red  nucleus  and  passing  obliquely  downwards 
and  inwards  from  the  ganglion  of  the  habeimla  to  the  interpeduncular 
gangiion  of  the  opposite  side,  and  the  bundle  of  Miiazev,  which  passes  from 
the  posterior  tubercle  downwards  into  the  lateral  part  of  the  reticular 
formation  of  the  pons.  But  the  longest  and  most  important  ia  the 
anterior  or  vntnil  longitudinal  bundle,  which  passes  lateral  to  the  red 
nucleus  and  partly  through  it.  Although  the  red  nucleus  receives 
many  collaterals  from  this  bundle  the  fibres  of  the  bundle  are  derived, 
according  to  Held  and  Cajal,  from  cells  in  the  grey  matter  of  the 
opposite  anterior  tubercle  of  the  corpora  qiiadrigemina;  these  cells 
send  their  axons  sweeping  round  the  central  grey  matter  just  central 
to  the  posterior  longitudinal  bundle  to  cross  in  the  raphe,  where  they 
form  the  fminlain-like  decussation  of  Meyiierl  (fig.  464,  d').^     The  down- 

^This  is  not  to  be  confoimded  with  the  /onataia-like  deciiaaation  of  Forel 
(fig.  404,  d),  which  lies  neai'er  the  ventral  part  of  the  tegmentum,  and  ia  partlv 
fomii^d  hy  the  iiitercroBSing  uf  Monakow  s  hundle  and  partly  by  v.  Guoden'° 
bundle  coming  from  the  corpora  mamiuillaria  to  end  in  the  tegmenti 


I 
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ward  cotitinuation  of  the  tecto-spiiial  tract  has  already  been  studied 
(pp.  397  and  365),  but  it  should  be  stated  that  the  prolongation  of  its 
fibres  into  the  anterior  column  of  the  spinal  cord  ia  denied  by  Van 
(Tehuchten,  who  tracea  them  only  as  far  aa  the  medulla  oblongata. 


t  of  SylvluB;  car.,  cantral  grey  i 
'ormiuA  part  of  me  conjoined  nude 
le  poftterior  corpora  quBdrisemins 
.liB  oppDfiite  sldp:  alTA.,  Htnitum  ' 
al  lejer ;  /,  upper  fillet :  /,  latf  ra 
i.l.fh,  poatorior  loD^tudinal  bund] 


o[  the  aqueduct;  n.IJr.lF.,  group 
he  thitd  aud  Tuurlh  narvaa ;  c^q-p., 
median  groove  separating  it  R^ 
3i  (layer  or  tho  fiUat),  (ormlng  Ita 


4.  Trad  of  the  pliel. — The  continuation  upwards  of  the  fillet  ia  alao 
apparent  in  this  part  of  the  brain.  Some  of  its  fibres  itre  seen  paesittg 
in  an  oblique  manner  to  the  side  of  the  mesencephftlouj  to  enter  the 
gi'ey  matter  of  the  prominences  of  the  posterior  corpora  quadrigemina. 

This  part  is  the  lateral  fillet  (see  p.  398),  which  Is  formed  chiefly  by 
fibres  derived  from  the  accessory  auditory,  the  inferior  olivary,  and  the 
trapezoid  nuclei  of  the  opposite  side,  forming  the  rentral  acoustic  tract. 
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Its  fibres  aend  numeroiia  collaterals  to  the  posterior  tubercle  (fig.  465) 
and  a  few  to  the  anterior,  and  end  by  ramifying  amongst  the  cells  of 
the  mesial  geniculate  body  (Cajal).  In  its  course  it  traverses  the 
nuclem  of  Ihe  fillet,  which  consists  of  cells  interpolated  amongst  its 
fibres  (the  greater  number  in  the  lower  part  near  the  superior  olive), 
amongst  which  some  of  the  fibres  and  many  collaterals  froin  them  end. 
The  axons  of  these  cells  trend  inwards  towards  the  raphe.  The  iippei- 
fillet  ia  continued  upwards  in  the  ventral  part  of  the  tegmentum  towards 
the  thalamus  (p.  409). 

Crusta.- — Lateral  and  ventral  to  the  tegmentum  is  seen  on  either  aide 
the  white  mass  known  as  the  eruste  or  pes  pedunculi  (figs.  463,  cr.,  464, 
466,  p.p.).  This  is  formed  by  longitudinally  coursing  bundles  of  fibres 
lying  on  the  ventral  aspect  of  each  half  of  the  mesencephalon,  and 
diverging  above  into  the  internal  capsule  of  the  cerebral  hemisphere. 

The  fibres  of  the  crusta  are  continued  below  into  the  so-called 
"pyramid  bundles"  of  the  pons — which  contain,  aa  we  have  seen, 
many  more  fibres  than  those  of  the  pyramidal  tract.  This  is  also  the 
case  with  the  bundles  of  the  crusta,  in  which  the  pyramidal  tract 
proper — composed  of  fibres  emanating  from  the  ascending  frontal  and 
paracentral  gyri — is  confined  to  the  middle  three-liftha  (which,  however, 
includes  many  cortieo-pontine  fibres),  whilst  the  mesial  fifth  ia  mainly 
occupied  by  fibres  passing  from  the  lower  frontal  region  to  the  pons, 
carrying  impulses  to  the  nuclei  of  the  facial  and  hypoglossal ;  and  the 
lateral  fifth  by  fibres  the  origin  and  functions  of  which  are  not  certainly 
known.  But  it  is  probable  that  these  last  are  connected  with  the 
regions  of  the  hemisphere  behind  the  Kolandic  fissure,  especially, 
perhaps,  with  the  temporal  and  occipital  regions ;  and  are  passing 
from  the  pyramidal  cells  of  these  parts  to  end  in  the  nuclei  of  the  pona. 

Substantia  nigra. — The  crusta  is  separated  from  the  tegmentum  by 
a  Jayer  of  grey  matter  containing  a  number  of  very  deeply  pigmented 
nerve-cells  {mhsiantia  nigra;  figs.  464,  466,  s.n.).  The  substantia  nigra 
receives  many  collaterals  from  the  adjacent  pyramid  bimdlea  of  the 
crusta.  The  crusta  and  tegmentum,  together  with  the  intervening 
substantia  nigi-a,  constitute  the  cerel/ral  peduncle  (pes  or  crus  cerebri). 

Interpeduncular  ganglion.^— Between  the  cerebral  peduncles,  just 
where  they  diverge  from  the  mass  of  transverse  fibres  of  the  pons,  is 
seen  close  to  the  ventral  surface  of  the  brain  a  small  mass  of  grey 
matter  containing  a  lai'ge  number  of  small  nerve-cells  with  large  and 
irregular  dendi'ons,  and  axons  which  are  directed  dorsally  into  the 
tegmentum.  This  is  the  iiUerpeduricular  ganglion  (fig.  464,  g.i.p.).  It 
receives  on  either  side  the  ending  of  the  fasciculus  Telrufiexus  of  Meyneri 
which  comes  from  the  ganglion  of  the  habemda,  a  collection  of  nerve 
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cells  near  the  superior  and  mesial  part  of  the  thalamus,  close  to  ttie 
commencement  of  the  third  ventricle  (see  fig.  472).  These  ganglia  are 
both  much  better  marked  in  many  of  the  lower  animals  than  in  man. 

Ooipora  qoadrigemina. — The  prominences  {colUculi  or  iviereUs)  of 
the  corpora  quadrigemina  are  formed  mainly  of  grey  matter. 
Connected  with  each  one  is  a  bundle  of  white  fibres  forming  the 
brachia  of  the  geniculate  bodies. 


FiQ.   46a.— Diagram  bho 
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The  posterior  or  inferior  colliculi  consist  of  a  ^ey  txntre  which  is 
enclosed  by  superficial  and  detp  white  layers  (figs.  iC4,  465).  The  super- 
ficial white  layer  is  derived  mainly  from  the  braehium.  The  fibres  of  the 
fillet  divide  as  they  approach  the  colliculus ;  one  branch  enters  its 
grey  matter  while  the  other  passes  to  the  mesial  geniculate  body. 
In  animals  with  a  highly  developed  sense  of  hearing  all  these  parts 
are  proportionately  developed.  The  deep  white  layer  is  derived  ^m 
cells  of  the  grey  centre,  but  many  of  the  cells  of  the  latter  send  their 
axons  towards  the  superficial  layer.    The  destination  of  the  fibres  Of 
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[  the  deep  white  layer  is  not  certainly  known ;    i 
central  grey  matter  of  the  aqueduct  to  the  opposite  side. 

Id  the  anteriDr  or  superior  coIUcnli  four  layers  can  be  distinguished, 
I  viz  superficially  a  thin  white  layer  containing  nerve-fibres  arid  a  few 
r  honzontally  disposed  nerve-cells  (fig.  467,  A);  next  to  this  a  grey  cap 


Fib.  468,— Skotion  » 
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(B)  containing  many  and  various  nerve  cells,  amongst  which  the  termi- 
nations of  the  optic  nerve  (A,  h)  ramify;  below  this  the  <yptk  nerve  Ita/er 
(C),  which  is  formed  of  antero-poateriorly  running  fibres  derived  from 
the  optic  traet,  and  ending  as  just  stated  for  the  most  part  in  the  grey 
layer.  This  layer  also  contains  some  nerve-cells.  Lastly  there  is  a. 
deep  white  layer,  the  so-called  deep  iriefMla,  of  transversely  disposed 
fibres  (D)  derived  partly  from  the  fillet,  but  comprising  many  fibres 
%hich  are  derived  from  the  cells  of  the  collieulus  itself,  and  a  few  which 
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are  continued  up  from  the  antero-Iateral  ascending  tract  of  the  spinal 
cord.  This  deep  layer  also  contains  a  number  of  large  dendritic 
cella  amongst  the  fibres.  The  superior  corpora  quadrigemina  receive 
through  their  brachia  many  of  the  flbrea  of  the  optic  tract,  which 
in  mammals  enter  the  grey  matter  at  the  middle  of  its  thickness  and 
traverse  it  from  before  back,  so  that  in  transverse  sections  of  the  mid- 
brain they  appear  cut  across.     In  birds  they  form  a  superficial  white 


stratum  covering  the  grey  matter,  but  this  is  not  homologous  with  the 
superficial  stratum  of  mammals,  for  the  fibres  in  the  latter  are  nob 
derived  directly  from  the  optic  tract.  The  optic  fibres  are  derived 
from  nerve-cells  in  the  retina,  and  as  they  traverse  the  stratum  opticum 
they  pass  obliquely  into  the  grey  matter  (in  a  ventral  direction  in 
birds,  in  a  dorsal  direction  in  mammals)  and  end  in  arborisations 
amongst  its  cells.  The  cells  of  the  grey  matter  are  very  various  in 
form  and  size  (fig.  467).  Moat  of  their  axis-cylinder  processes  pass 
ventralwards.  The  destination  of  all  is  not  certainly  known,  but 
many  appear  to  join  the  anterior  longitudinal  bundle  of  the  opposite 
side.  Others  run  down  on  the  same  side  towards  the  pons  Varolii, 
intermingled  with  the  ascending  fibres  of  the  fillet.  A  certain  number 
of  fibres  which  take  origin  in  the  cells  of  the  anterior  colliculi  course 
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oTSr  the  central  grey  matter  which  surrounds  the  Sylvian  aqueduct 
and  sweep  round  this  towards  the  fillet-tract  of  the  opposite  side. 
These  commismral  jibres  are  continuous  in  front  with  those  of  the 
posterior  commissure. 

The  nerve-fibres  of  the  optic  nerve  and  optic  tract  do  not  all  enter 
the  corpora  quadrigemina.  Many,  indeed  the  majority,  pass  into  the 
lateral  geniculate  bodies  and  optic  thalami  to  form  arborisations  there 
(fig.  471),  On  the  other  hand,  axons  from  the  cells  of  these  structures 
pass  to  the  cortex  of  the  brain  (occipital  region). 

Aa  has  just  been  stated,  many  arcuate  fibres  issue  from  the  grey 
matter  of  the  corpora  quadrigemina  and  pass  obliquely  downwards 
into  the  ventral  part  of  the  mesencephalon  encircling  the  central  grey 
matter.  These  fibres  intercross  in  the  raphe,  where  tbey  constitute 
the  fomilain-decussalion  of  Meyneri,  and  after  crossing  constitute  the 
main  mass  of  the  anterior  longitudinal  Ijundles.  These  are  continued 
into  the  anterior  columns  of  the  spinal  cord ;  they  give  off  collaterals 
to  the  motor  nuclei  of  the  eye-muscles,  and  probably  to  the  motor 
nuclei  generally.  Other  fibres  which  appear  to  belong  to  the  same 
{tedo-spinal)  system  are  traceable  as  a  distinct  tract  into  the  lateral 
column  of  the  cord  (see  p.  365). 

In  the  cat,  the  anterior  corpora  quadrigemina  receive  a  number 
of  fibres  from  the  pyramidal  tract  in  the  crusta  of  the  same  side,  a 
few  crossing  over  the  aqueduct  to  the  opposite  corpora  quadrigemiiia 
(Boyce,  Sutherland  Simpson).  But  in  most  animals  the  fibres  which 
pass  from  the  cortex  cerebri  to  the  corpora  quadrigemina  enter  those 
bodies  through  their  respective  brachia. 

No  fibres  are  given  off  from  the  cells  of  the  corpora  quadrigemina 
to  the  cortex  cerebri. 

The  optic  nerves.— The  only  sensory  nerves  which  are  immediately 
connected  with  the  mid-brain  are  the  second  or  &pi.ic.  Their  origin  is 
from  the  large  nerve-cells  of  the  ganglion  of  the  retina  (p.  455), 
The  nerve  leaves  the  globe  of  the  eye  at  its  posterior  aspect,  passes 
through  the  optic  foramen  to  the  base  of  the  brain,  and  joins  the  nerve 
of  the  opposite  side  to  form  the  optic  chiasma  (fig.  471).  Of  the  fibres 
which  enter  the  chiasma,  those  from  the  inner  (or  nasal)  two-thirds 
of  the  retina  cross  to  the  optic  tract  of  the  opposite  side,  while  the 
remaining  third,  comprising  the  fibres  from  the  temporal  part  of  the 
retina,  pass  along  the  lateral  border  of  the  chiasma  to  the  tract  of 
the  same  side.  In  the  optic  tract  they  are  continued  to  the  parts  of 
the  brain  where  they  have  their  terminal  arborescencea,  viz.,  the 
external  geniculate  body  and  the  adjoining  posterior  part  of  the 
^^^^i^ua  (pulvinar)  and  the  anterior  corpora  quadrigemina.    A  certayi^ 
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number  of  the  fibres  of  the  optic  nerve  bifurcate  on  reaching  the 
chiasma,  and  the  branches  pass  one  into  each  optic  tract  (Cajal). 

The  fibres  which  pass  to  the  anterior  corpora  quadrigemina  are  much 
finer  than  those  to  the  corpora  geniculata.  It  is  probable  that  the 
former  furnish  the  path  for  reflex  movements  of  the  pupil,  etc.,  and 
the  latter  the  path  for  visual  impressions,  since  the  lateral  corpora 
geniculata  and  pulvinar  thalami  are  directly  connected  with  the  visual 
cortex  in  the  occipital  lobe,  while,  as  already  stated,  no  such  direct 
connection  obtains  between  that  cortex  and  the  anterior  corpora 
quadrigemina. 

A  small  bundle  of  fibres  {transverse  peduncular  bundle)  leaves  the 
optic  tract  as  it  enters  the  mid-brain  and  passes  round  the  cerebral 
peduncle  to  lose  itself  in  the  mesial  part  of  the  tegmentum  near 
the  fillet.  Its  destination  appears  to  be  a  small  nucleus  situated 
near  the  red  nucleus.  Its  fibres  degenerate  after  enucleation  of  the 
opposite  eyeball. 

The  optic  tracts  and  chiasma  also  contain  the  fibres  of  v.  Gudden^s 
commissure,  which  connects  the  posterior  corpora  quadrigemina,  but 
these  fibres  appear  to  have  no  relation  to  the  visual  function. 

There  are  present  in  the  optic  nerve  and  tract  a  few  fibres  which 
originate  in  the  nerve-centres — where  is  not  known — and  terminate 
in  the  retina. 

Motor  nerves.  — The  motor  nerves  arising  from  the  mid-brain  are  the 
third  and  fourth.  The  position  of  their  nuclei  and  their  mode  of  exit 
have  been  already  described  (pp.  401,  402). 

Posterior  commissure. — Immediately  in  front  of  the  corpora  quadri- 
gemina, visible  in  the  roof  of  this  part  of  the  mid-brain,  is  the  posterior 
commissure.  This  consists  of  fibres  which  arise  in  a  nucleus  at  each 
side  of  the  Sylvian  aqueduct  and  which  pass  across  the  middle  line 
dorsal  to  the  central  grey  matter  and  then  turn  ventral  wards  and 
caudalwards  to  pass  down  in  the  tegmentum  lateral  to  the  posterior 
longitudinal  bundle,  which  is  partly  reinforced  by  the  fibres  in  question. 
The  posterior  commissure  extends  into  the  region  of  the  third 
ventricle. 

THE  THALAMENCEPHALON. 

The  optic  thalamus  (fig.  468,  th.)  which  lies  at  the  side  of  the 
third  ventricle  and  forms  part  of  the  floor  of  the  lateral  ventricle, 
is  covered  externally  by  a  layer  of  white  fibres,  most  marked  next 
to  the  internal  capsule.  Fibres  from  the  latter  pass  into  the  thalamus 
and  serve  to  connect  it  with  the  hemisphere. 

The    grey    matter    of   the    thalamus    is    partially   subdivided  by 
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an  oblique  white  lamina  into  a  Rmaller,  mesial,  and  a  larger 
laUral  nucleus ;  these  contain  a  large  number  of  Binall  nerre-cella. 
Anteriorly  another  portion  of  grey  matter  (a^iterior  nucleus)  is  divided 
off  in  a  similar  way ;  this  contains  comparatively  large  nerve-cells. 
These  nuclei  are  themselvea  formed  of  several  groups  of  cells  having  ■ 
different  connections,  many  of  which  still  require  elucidation. 


The  thalamus  receives  the  terminal  branches  of  the  fibres  of  the 
upper  fillet,  continued  from  the  cells  of  the  opposite  nuclei  of  Goll  and 
Burdach  (spi  no-thai  am  ic  tract) ,  of  the  central  jiath  of  the  fifth  cranial, 
nerve  of  the  opposite  side,  and  some  fibres  from  the  superwr  cerebellar 
pedv/nele  of  the  opposite  side  ;  besides  the  fibres  of  the  optic  tract  which 
pass  to  the  external  geniculate  body  and  pulvinar  thalami. 

From  the  cells  of  the  thalamus  nerve-fibres  pass  in  every  direction 
into  the  white  matter  of  the  hemisphei-e,  and  eventually  to  the  cortejc 
{figs.  437,  469).    From  the  outer  part  they  tend  especially  into  the 
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occipital  region,  assisting  to  form  the  central  visual  tract  which  passes 
to  the  visual  cortex.  From  the  inner  and  deeper  part  they  converge 
towards  the  subthalamic  region  and  many  are  collected  into  the  ansa 
lenticularis  (see  p.  415),  by  which  they  pass  into  the  nucleus  lenticularls, 
while  others,  as  already  stated,  enter  the  corona  radiata  and  thus  reach 
the  cortex  of  the  hemiBphere.  These  fibres  from  the  thalamus  to  tiie 
cortex  probably  form  the  third  and  last  link  in  the  chain  of  sensory 
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neurones,  the  second  being  formed  by  the  neurones  of  the  fillet  and  tbe 
first  by  the  neurones  of  the  sensory  roots.  On  the  other  hand,  the 
thalamus  receives  fibres  from  tbe  cortex  and  from  the  corpus  striatum, 
which  end  amongst  its  cells. 

Attached  to  the  optic  thalamus  below  and  behind  are  the  two 
geniculate  bodies  (fig.  470)  which  at  first  sight  appear  to  be  both 
connected  with  the  optic  tract,  although  only  the  outer  one  actually 
receives  optic  fibres.  The  inner  or  mesial  geniculate  body  receives 
fibres  from  the  central  auditory  tract  through  the  lateral  fillet.    Of 
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tlie  geniculate  bodies  the  outer  or  lateral  haa  a  lamellated  structure 
■  couBiating  of  alternating  layers  of  grey  and  white  matter,  the  white 
layers  boing  composed  partly  of  the  entering  optic  fibres  and  partly  of 
±bres  emerging  from  the  gi'ey  matter  and  passing  to  the  central  optic 
path,  while  the  grey  substance  contains  very  numerous  nerve-cells  amongst 


"which  the  fibres  of  the  optic  tract  end  in  complex  arborisations.  From. 
-these  cells  axons  arise  and  join  a  bundle  of  fibres  which  enters  the  white 
of  the  hemisphere  above  and  along  with  tlie  Internal  capsule, 
■&nd  passes  to  the  visual  area  of  the  cortex  (central  visual  tract).  Soma 
e  fibres  from  the  corpiis  geniculatum  externum,  as  they  enter  the 
Tisual  tract,  send  branches  downwards  towards  the  tegmentum. 
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The  ganglion  of  the  hahenula  (fig.  472,,^')  is  a  small  collection 
of  nerve-cells,  which  lies  at  the  posterior  part  of  the  thalamus  on  each 
side,  near  the  roof  of  the  third  ventricle.  This  ganglion  receives  on 
the  one  hand  the  fibres  of  the  habenula  or  striii  medullaris,  and  on  the 
other  hand  gives  off  from  its  cells  the  fibres  which  form  the  fasciculus 
retroflexas  (fig.  496),  which  pass  downwards  to  the  interpeduncular 
ganglion  (p.  405).  The  two  ganglia  of  the  habenulae  are  joined  by 
a  white  commissure. 

The  corpora  mammiUarla  (fig.  470)  are  seen  at  the  base  of  the  brain 
immediately  below  the  posterior  part  of  the  third  ventricle.     Each  is 
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Fig.  471. — Diagram  to  show  the  probable  course  and  relations  of 

THE  OPTIC  fibres.  1 

composed  of  white  matter  externally  and  grey  matter  internally.  It 
receives  fibres  from  the  anterior  pillar  of  the  fornix  of  the  same  side  ; 
these  fibres  arise  from  cells  in  the  hippocampus  and  end  in  the  mammil- 
lary  body.  According  to  Edinger  some  fibres  from  the  olfactory- 
tract  pass  directly  to  it.  The  axons  of  its  cells  bifurcate,  one  branch, 
the  coarser,  passing  into  the  anterior  and  upper  part  of  the  thalamus  ia 


^  Only  single  fibres  are  shown  emerging  from  the  anterior  quadrigeminal  and 
external  geniculate  bodies,  continuing  the  course  of  the  two  fibres  from  correspond- 
ing points  in  the  retinae.  This  is  merely  to  simplify  the  diagram  and  is  not 
intended  to  imply  that  the  retinal  impressions  are  fused  in  those  situations. 
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and  round  the  internal  capsule  passing  between  the  thalamus  and  the 
nucleus  leiiticularis,  this  is  known  as  the  ansa  UrUicularis. 

The  pineal  gland  or  epiphysis  cerebri  (fig.  461),  which  is  developed 
in  the  roof  of  the  third  ventricle,  but  passes  backward  between  the 
anterior  corpora  quadrigemina,  is  composed  of  a  number  of  tubes  and 
saccules  lined  and  sometimes  almost  filled  with  epithelium,  and  con- 
taining deposits  of  earthy  salts  {brain  sand),  (Similar  deposits  may 
also  occur  in  other  parts  of  the  brain,  especially  in  the  pia-mater.) 
The  follicles  are  separated  from  one  another  by  vascular  connective 
tissue  derived  from  the  pia-mater,  and  along  with  the  vessels  are 
numerous  nerve-fibres  of  sympathetic  type  (Cajal).  No  true  nerve- 
cells  can  be  seen,  although  there  are  a  number  of  cells  similar  in  general 
appearance  to  the  "granules"  of  the  cerebellum,  but  apparently  without 
axons.  In  some  animals  (ox)  striated  muscular  fibres  have  been  met 
with. 

lu  the  chameleon  and  some  other  reptiles,  the  pineal  is  better  developed, 
and  is  connected  by  nerve-fibres  with  a  rudimentary  median  eye  of  inverte- 
brate type,  placed  upon  the  upper  surface  of  the  head. 

The  pituitary  body  or  gland  (hypophysis  cerebri)  is  connected  with  the 
third  ventricle  by  the  infundibulum.  It  consists  of  two  lobes,  a  large 
anterior  and  a  smaller  posterior.  The  structure  of  the  pituitary  body 
has  already  been  described  (p.  224). 
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LESSONS    XLIV.   axd    XLV. 


STRPCTURE  OF  THE  CEREBELLUM  AND  CEREBRUM. 

1.  Sections  of  the  cerebelluni  vertical  to  the  surface,  (a)  across  the  dii'ection  I 
of  the  laminie,  (6)  parallel  with  the  laminie. 

2.  SeL'tioDS  acroae  thtt  whole  of  one  hemisphere  of  the  cerebrum  of  a  monkey  ] 
passing  through  the  third  ventricle. 

3.  "Vertical  sections  of  the  cerebral  cortex  :— one  across  the  ascending 
frontal  and  ascendinj;  parietal  gyrl,  another  from  the  occipital  lobe  (calcarine 
region),  another  across  the  superior  temporal  gyrus  and  island  of  Reil,  and 
one  across  the  hippocampal  gyms  and  hippocatupuR. 

4.  Transverse  sections  of  the  olfactory  tract  and  bnlb. 
In  all  these  preparations  make  sketches  under  a  low  power  of  the  general  I 

arrangement  of  the  grey  and  white  matter,  and  also  of  the  uerve-cella  in  '" 
grey  matter.     Sketch  some  of  the  details  under  a  high  power. 

The  preparations  are  made  in  the  same  way  as  those  of  the  spinal  c 
Other  preparations  shonid  be  made  by  the  Golgi  method  to  exhibit  the  I 
relation  of  the  ceils  to  one  another.  Such  preparations  have  been  already  I 
partly  studied  (Lessons  XVTI.  and  XVIII).  ' 


The  Cerebellum. 

The  cerebellnm  is  composed  of  a  white  centre,  and  of  a  grey  cortex. 
Both  extend  into  all  the  folds  or  larainie,  so  that  when  the  laminsB  I 
are  cut  across,  an  appeanince  ia  presented  of  a  white  arborescence  | 
covered  superficially  by  grey  matter.  The  white  matter  is  in 
amount  in  the  middle  of  each  cerebellar  hemisphere.  There  is  heraj 
present  a  peculiar  wavy  lamina  of  grey  matter,  similar  to  that  in  thej 
olivary  body,  and  known  as  the  nucleus  dentatus  (fig.  473,  ii,d.).  Thia  J 
receives  numerous  nei've-fibrea  from  the  cells  of  Purkinje  of  the  cort6x,,j 
which  end  by  arborising  around  its  cells.  The  latter  give  off  axon*  ■ 
■which  become  the  fibres  of  the  superior  cerebellar  peduncles,  and  I 
for  the  moat  part  end  in  the  opposite  red  nucleus,  but  some  pass  beyoni  I 
this  into  the  subthalamic  region.  The  dentate  nucleus  also  receives  J 
collaterals  from  fibres  of  the  inferior  peduncle  (Cajal). 

Other  isolated  grey  nuclei  lie  in  the  white  matter  of  the  middle  lobql 
over  the  roof  of  the  ■Ith  ventricle  and  constitute  collectively  the  nuc^l 
«/  Stilling.  The  most  important  of  these  appears  to  ha  the  nitdeus  tefJiM 
(s.  fastiffii)  (fig.  i73).  This  receives  many  of  the  ascending  fibres  of  the  J 
vestibular  nerve  (p.  3Sd)  and  collaterals  from  the  spinocerebellar  tracti^  J 
and  gives  origia  lo  a  bundle  of  fibres  which  crosses  to  the  opposite  s. 
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reticulur        I 


and  deecendg  in  the  mesial  part  of  the  reatiform  body  to  the  reticulur 
formation  of  the  medulla  oblongata  (Eisieo  Russell). 

The  grey  matter  of  the  cereliellum  appears  essentially  of  similar 
structure  throughout  the  whole  extent  of  the  cortex.  It  consists  of 
two  layers.  The  inner  one  (that  next  to  the  white  centre)  is  composed 
of  a  largo  number  of  very  small  nerve-cells  intermingled  with  a  few 
larger  ones  and  some  neuroglia-cells  {gmnule  Utyer,  fig.  474,  d).  The 
miter  me  is  thicker,  and  is  formed  chiefly  of  fine  nerve-fibres  (fig,  476,  ^i) 


[with  email  nerve  cells  scattered  through  it  (^itAe.nvlar  layer,  fig,  474,  6). 
Into  its  outer  part  processes  of  the  pia-mater  conveying  blood-vessels 
pass  vertically,  and  there  are  also  in  this  part  a  number  of  long 
tapering  neuroglia-eells,  somewhat  like  the  Miillerian  fibres  of  the 
retina  (fig.  479,  gV".  See  also  fig.  191,  p.  161).  Lying  between 
the  two  layers  of  the  grey  matter  is  an  incomplete  stratum  of  large 
flask-shaped  cells  (fig.  474,  c)  {alls  of  PwUnje.  fig.  47-5),  Each  of  these 
gives  off  from  its  base  a  fine  process  (axon),  which  becomes  the  axis- 
cylinder  of  one  of  the  meduUated  fibres  of  the  white  centre,  while 
from  the  op|)osite  pole  of  the  cell  large  ramified  processes  (dendrons) 
extend  into  the  superficial  layer  of  the  grey  matter. 
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The  dendrons-of  the  cells  of  Purkinje  spread  out  in  planes  trans- 
verse to  the  direction  of  the  lamellae  of  the  organ,  bo  that  they 
present  a  different  appearance  according  to  whether  the  section  is 
taten  across  the  lamellse  or  along  them  (compare  figs.  476  and  477). 
These  dendrons  are  invested  at  their  attachment  to  the  cell,  and 


^^►,**^  •^'— •.'^^S^Vr— ^  • 


Fio.  474.— Section  of  cobtki  o 


for  some  extent  along  their  branchings,  by  basket-works  formed  by 
the  terminal  arborisations  of  certain  fibres  {dimbing  or  tendril  jU)res) 
of  the  medullary  centre  (fig.  479,  cl.f.).  The  body  of  the  cell  of 
Purkinje  is  further  invested  by  a  felt-work  of  fibrils  formed  by  the 
arborisation  of  axis-cylinder  processes  of  nerve-cells  (basket-celh)  in  the 
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^ 


outer  layer  of  the  grey  matter  (figs.  478  ;  479,  h).  Each  cell  has 
therefore  a  double  investment  of  this  nature,  one  covering  the 
dendroHB,  the  other  the  body  of  the  cell  and  extending  along  the 
commencement  of  the  ason. 


The  gnmules  of  the  inner  layer  of  grey  matter  are  mostly  small 
nerve-cella,  each  with  a  few  dendrons  penetrating  amongst  the  other 
granules,  and  an  ason  which  is  directed  between  the  cells  of  Purldnje 
into  the  outer  layer.  After  penetrating  a  variable  distance  into  this 
layer  it  bifurcates,  and  its  two  branches  pass  in  opposite  directions  at 
right  angles  to  the  main  stem,  and  parallel  to  the  direction  of  the 
lamella  (fig.  476).  What  ultimately  beeoaiea  of  the  branches  is  not 
known.  In  sections  'cut  across  the  lamella  the  cut  ends  of  these  fibres 
give  a  finely  punctated  appearance  to  the  outer  layer  (fig.  477). 
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Fig.  478.— Basket- work  ok  FiBBEtt  around  two  oki.lh 
(CaJBl.) 

prulubged  ovBT  the  buglimiugaf  th&  uiH-eyLlndflr  procau;  e,  br""^' '  '• 

tibni  precessiB  ot  uella  of  ttm  molenulu  l^er,  lelled  bjHatber  i 
the  CDrpnaclBS  ol  Furklnje. 
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Some  of  the  cells  of  the  granule  layer  are  far  larger  than  the  others, 
and  send  their  much-branching  axons  amoogst  the  sioaller  granules 
(cells  of  Golgi,  fig.  479,  G).     Beeides  these,  other  large  "  granulea  "  have 


"  '£.%?;  yi-.^ranuioa':  p,  s  norto-flbre  of  tho  whito  siilsUnee  derivod  from  B  Purliinja 
cell;  TfJ.,  '•mo8s"-abreK;  dj.,  a  climbing  fibre;  ^(i,  piS.  pi',  typos  of  neuKiglla^oella. 

been  noticed  by  Cajat,  occurring  both  in  the  granule  layer  and  in  the 
white  centre,  with  long  axons  passing  into  the  white  matter  of  the 
cerebellum.     These  are,  however,  only  rarely  met  with. 

Ramifying  amongat  the  cells  of  the  granule  layer  are  peculiar  fibres 
derived  from  the  white  centre,  and  characterised  by  having  pencils  of 


^^"                                     THE   CEREBELLUM 

.„1 

&]e  Bhort  branches  at  intervals  like  tufta  of  moss  (fig.  479,  mf).    These     ^^| 

have  been  termed  by  Cajal  the  moss-fihres; 
granule  layer,  partly  in  the  molecular  layer. 

they  end  partly  in  the      ^^^| 

'/^t^    ^X 

^J 

/     ftf      .^ 

r-^..„..™.^^B 

(               '\\\        y^M^  i 

x""""         ^H 

^~^V\  \V\  a)'  K 

X  '"■■•  \        1 

cr    ,     -A^^WSQ 

v^-^0     1 

■%^  Vv^^/f 

iMj^saf"-    ■ 

^^^ 

ly  Fibres      nuiwrlor                         ^^^^H 

2si:^^ 

^i^—     1 

fc  .....l^ 

Jw\     1 

s*fl  1 

^^■^^iTr 

ft^ -i-r         '^M 

Fig.    4S0.-D1ACHAK    OT  THE   OONNEOTIO.Va   OF   THE 
PEDENCLES.       (Cajal.) 

■— '"      ■ 

The  nenroglia  of  the  cerebellum  is  peculiar  in  containing,  besides  the      ^^^| 
ordinaiy  braiiuhed  and  unbranched  neuroglia  cells  (fig,  479,  gl\  gP),      ^^M 
cells  which  possess  long  parallel  processes  which  extend  through  the     ^^^H 
'  molecular  layer  to  be  attached  to  the  surface  of  the  lataellse  (yP).     (Sea     ^^H 
also  fig.  191.)     The  cell-bodies  of  these  lie  at  alKiut  the  same  level  as     ^^ 

thoae  of  Purkinje's  cells. 

■M 
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The  peduncles  of  the  cerebellmn  have  been  already  studied  in  connec- 
tion with  the  medulla  oblongata,  pons,  and  mid-brain.  The  inferior 
peduncle  (restifonn  body)  is  composed  of  ascending  fibres  derived  from 
the  dorsal  spino-cerebellar  tract,  from  both  olivary  nuclei — but  chiefly 
from  that  of  the  opposite  side ;  perhaps  also  from  the  nuclei  of  the 
gracile  and  cuneate  funiculi,  from  cells  and  nuclei  of  the  reticular 
formation  of  the  medulla  oblongata  and  from  the  sensory  nuclei  of 
the  cranial  nerves,  especially  of  the  vestibular  nerve.  The  fibres  of  the 
spino-cerebellar  tract  occupy  the  outer  part  of  the  peduncle.  Most 
of  the  fibres  of  the  inferior  peduncle  pass  to  the  vermis,  crossing  to 
the  opposite  side  over  the  fourth  ventricle,  but  before  doing  so  they 
give  off  strong  collaterals  to  the  hemisphere  of  the  same  side.  The 
inferior  peduncle  also  contains  a  small  bundle  of  fibres  descending 
from  the  nucleus  tecti  of  the  opposite  side  to  the  medulla  oblongata 
(Risien  Russell)  which  bends  round  the  superior  peduncle  to  join  the 
inferior  peduncle,  its  fibres  lying  between  those  of  the  superior 
peduncle  and  Gowers'  bundle.  The  inferior  peduncle  contains  a  very 
small  nucleus  of  grey  matter  (Dejerine)  which  is  almost  completely 
concealed  amongst  the  mass  of  white  fibres. 

The  middle  peduncle  is  formed  of  fibres  from  the  cells  of  the  nuclei 
pontis  which  are  passing  to  the  opposite  hemisphere  of  the  cerebellum. 

The  superior  peduncle  is  formed  of  fibres  which  mostly  take  origin 
in  the  corpus  dentatum  cerebelli,  but  some  are  said  to  arise  in  the 
hemisphere  and  pass  through  this.  The  superior  peduncles  decussate 
in  the  mid-brain  across  the  raphe,  and  their  fibres  then  bifurcate  into 
ascending  and  descending  branches.  The  ascending  branches  pass 
forwards  and  end  in  the  red  nucleus,  but  some  fibres  go  past  this 
into  the  ventral  part  of  the  thalamus.  The  descending  branches  are 
traceable  into  the  dorsal  part  of  the  reticular  formation  of  the  pons. 
According  to  Cajal  they  are  connected  with  the  motor  nuclei  of  the 
pons,  medulla  oblongata,  and  spinal  cord  (fig.  480).  The  superior 
peduncle,  as  it  issues  from  the  hemisphere,  is  joined  by  the  bundle 
of  Gowers,  which  runs  over  it,  and  passes  backwards  along  its  mesial 
border  to  the  vermis. 

STRUCTURE  OF  THE   CEREBRUM. 

The  grey  matter  of  the  cerebral  cortex  is  described  as  if  composed 
of  a  number  of  layers,  but  they  are  not  sharply  marked  off  from  one 
another,  and  they  vary  in  relative  development  in  different  regions  of 
the  cortex.  The  cells  are  for  the  most  part  of  a  pyramidal  shape 
(fig.  481).  The  following  layers  are  generally  distinguishable,  but  in 
some  parts  of  the  cortex  a  larger  number  can  be  made  out : 


THE  CEEEBRAL  CORTEX.  496 

1-  A  peripheral  stratum  (mohcular  or  plexiform  layer,  figs.  481,  482, 1) 
containing  scattered  neri  e  cells  and  many  neuroglia  cellB.     In  the  most 
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superficial  part  of  this  layer,  immediately  under  the  pia-mater,  is  a 
thin  stratum  of  meduUated  nerve-fibres,  and  besides  these  the  layer 
contains  a  large  number  of  fibres,  many  of  which  are  ramified. 
They  are  largely  derived  from  the  deeper  nerve-cells  of  the  cortex. 
Intermingled  with  these  fibres  are  a  certain  number  of  ramified 
nerve-cells,  which  have  several  long  horizontally  disposed  dendrons 
and  a  long  axon,  all  of  which  terminate  by  arborisation  within  the 
superficial  layer  (horizontal  cells  of  Cajal)  (fig.  482).  Besides  these, 
others  of  a  somewhat  similar  character  but  with  short  axis-cylinder 
processes  occur  in  this  layer. 

2.  A  layer  of  closely  set  small  pyramidal  nerve-cells,  several  deep 
{layer  of  srruill  pyramids,  fig.  481,  2).  This  layer  also  contains  other 
kinds  of  cells  (fig.  491,  E,  f,  g). 

3.  A  layer  of  medium-sized  pyramidal  cells  less  closely  set,  with 
small  granule-like  cells  amongst  them  {layer  of  medium-sized  pyramids, 
^g,  481,  3;  fig.  491,  J,  H,  K). 

4.  A  layer  of  larger  pyramidal  cells  (superficial  large  pyramids, 
fig.  481,  4). 

5.  A  layer  of  small  irregular  cells  (sm^l  stellate  cells,  fig.  481,  5). 
The  large  pyramids  may  extend  down  into  this  layer. 

6.  A  layer  of  still  larger  pyramids  (deep  large  pyramids,  fig.  48 1 ,  6). 
In  the  motor  region  of  the  cortex,  which  in  man  is  confined  to  the 
ascending  frontal  gyrus  and  paracentral  lobule,  pyramidal  cells  of 
very  large  size  (giant  cells)  occur,  and  are  disposed  in  small  clusters 
or  "  nests "  (Betz,  Bevan  Lewis).  The  fibres  of  the  p3rramidal  tract 
arise  from  these  giant  cells.  In  some  parts  of  the  cortex  this  layer 
is  absent  or  is  blended  with  the  next  layer. 

7.  A  layer  of  medium-sized  pyramidal  cells  (de^  medium  pyramids, 
fig.  481,  7). 

8.  A  layer  of  small  scattered  cells,  many  of  a  fusiform  shape 
(polymorphous  layer).  This  layer  lies  next  to  the  white  centre.  In  the 
island  of  Reil  it  is  considerably  developed,  and  is  separated  from  the 
rest  of  the  grey  matter  by  a  layer  of  white  substance.  It  is  here 
known  as  the  claustrum,  and  on  that  account  the  layer  is  sometimes 
termed  the  claustral  layer. 

Some  authorities  describe  the  cortex  as  consisting  only  of  three  layers, 
viz. :  the  molecular  layer,  the  layer  of  pyramids,  and  the  layer  of  polymor- 
phous cells  ;  others  of  four,  five,  etc.,  up  to  nine.  As  a  matter  of  fact,  the 
complexity  and  the  number  of  distinct  layers  vary  in  ditferent  regions.  The 
pyramidal  cells  of  the  cortex  are  so  termed  from  the  shape  of  the  cell-body, 
which  usually  gives  ofif  several  dendrons  from  the  base  of  the  pyramid  and 
one  large  dendron  from  its  apex.  This  process  extends  to  the  plexiform 
layer,  on  approaching  which  it  breaks  up  into  numerous  ramifications  which 
have  a  general  vertical  direction  and  extend  almost  to  the  outer  surface. 


Fig.  482.— Diaobam 

csacBBAl.  OOKTBX.    (Barker,  after  Starr,  Stroog  and  LeamiDg.) 

I,  piBliform  layer  wlUl  cells  ot  Cajal;  2,  small  (d,  r)  and  middle  alied  (/)  pyranild* ; 
8,  la>^  pyrimlda  (ff,  g,  t) :  also,  m,  coll  with  axan  naulDg  towarda  tha  aurtaca^  but 
•oonramKjing;  n,  n, cell  of  Goljrl's  MeoBd  tj-pe,  with  aion  ramifying  In  the  adjatent 
gnj  matter:  ona  of  tfane  heloDge  to  the  kind  tanned  b;  Cajal  "douhla-bruah"  cells; 
4,  polymorphouB  cella,  of  whii^h  p  aoda  its  axon  toward!  the  lurface  and  q  iu  axon 
Into  tbe  msdullsr;  centre.  6,  vbloh  oontalns  also  ttis  axons  of  the  pfnLUilda ;  r,  r, 


into  the  medullary  centre.  6, 
aflarant  flbrea,  ending  in  tbe  c 
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This  apical  deadron  ie  beset,  both  in  its  undivided  part  and  in  ita  branches, 
by  minute  ^iiioua  projections  (as  seen  in  epecimeus  prepared  by  the  GoIkl 
method).  These  projeutiona  are  believed  by  some  authors  to  be  retractile 
(amoeboid)  and  to  be  the  meaiw  of  effecting  (or  breaking)  nervoua  connection 
nith  afferent  fibrea  ;  aiiiee  they  are  iu  some  preparations  prominent,  in  others 
hardly  visible ;  or  the  dendroDs  are  entirely  free  from  them,  and  liave  an  eren 
outline  or  may  be  slightly  moniliform.  All  the  pyramidal  cells  have  a  single 
axon,  whith  is  uauiJly  directed  towards  the  mednlkry  centre,  of  which  it 
forma  one  of  the  fibres  ;  but  the  aion  sonietinies  curves  back  and  passes  out- 
wards again,  ending  in  arboriBations  in  one  of  the  other  layers.  Int«rmiugled 
with  the  pyramids  and  polymorphous  cells  ai-e  two  other  kinds  of  cells, 
viz. :  (I)  cells  with  axis -cylinder  pracess  ramifying  near  the  cell-body ; 
these  occur  in  all  the  layers  (fig. 
491^  and  (2)  small  cells  sending 
their  axons  towards  the  plexifomi 
layer  (Martinotti),  these  are  found 
chiefly  in  the  deeper  layers  of  the 


\ikm 


Fio.  483.— Sections  oi^  ceh 

VOLUnONa.     (After  BHil 

(N»Caral>ize.) 


"■ger.) 


iiiai'hloltliDlinauf°Qeiinari):  6,  oriinnry 
typs,  with  the  agperficial  white  layer  and 
outer  and  Id  nor  lines  o[  BalUnrgu'  abawu. 


From  the  white  centre  bundlea 
of  mediillated  nerve-fibres  pass 
in  vertical  stvealts  through  the 
deeper  layers  of  the  gi'ey  matter, 
to  lose  themselves  amongst  the 
pyramidal  cells  of  the  more 
superficial  layers  (figs,  487,  490). 
Many  large  fibres  however  are 
Been  running  not  vertically  but  obiiiiuely  into  the  grey  centre  from  the 
white  matter.  Moat  of  the  vertically  disposed  fibres  are  the  nerve-fibre 
proceBBOB  of  the  pyramidal  and  polyniorphous  cells,  and  therefore  take 
origin  in  the  cortex ;  others,  including  the  oblique  fibres  just  men- 
tioned, are  passing  into  the  cortex,  probably  from  the  thalamus,  to  end 
amongst  the  cells  of  the  several  layers  in  free  arborisations  (fig.  484). 

Besides  these  vertical  strands  of  fibres  there  are  others  which  lie  in 
planes  parallel  to  the  surface  of  the  cortex,  and  which  are  derived 
partly  from  the  fibres  which  enter  the  cortex  from  the  white  matter, 
partly  from  the  collaterals  which  are  given  off'  from  the  axia-cylinder 
processes  of  the  cortical  cells  themselves.  The  planes  in  which  these 
fibres  occur  are  (1)  near  the  surface  In  the  plexiform  (molecular) 
layer ;  this  superficial  stratum  of  white  fibres  ie  beat  marked  in  the 
hippocampal  region  ;  (2)  in  the  layer  of  medium-sized  pyramids  ;  here 
the  fibres  give  the  appearance  of  a  whitish  line  in  the  section  of  the 
grey  matter  {outer  line  of  BaUliirger,  fig.  483  h).  There  is  a  particularly 
dense  plexus  of  fibres  in  this  situation  in  certain  regions  of  the  cortex, 
especially  the  occipital  lobe  (in  man  in  the  convolutions  bounding  the 
calcarine  fissure),  producing  a  very  distinct  line,  here  known  as  the  linis 
of  Genwiri  (fig.  483,  a).    This  plexus  of  nerve-fibres  is  in  intimate  assoeia- 
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tion  with  certain  large  and  small  Btellate  cells  which  are  characteristio 
of  the  visual  region,  (3)  In  most  regions  of  the  brain,  in  the  plani 
the  layer  of  large  pyramids,  another  white  line  is  seen ;  this  is  known 
aa  the  inner  tins  of  Baillargei:  The  planes  in  which  these  white  lines 
are  found  are  characterised  especially  in  the  occipital  and  temporal 
lobes,  by  the  presence,  amongst  the  pyramids,  of  great  numbers  of 


small  nerve-cells,  amongst  which  the  white  fibres  of  the  Jayers  ramify  j 
and  probably  terminate. 

The  axis-cylinder  processes  of  the  pyramidal  cells  pass  into  the  I 
white   centre.      Here   some   of  them  are  continued  into  the  corpus 
callosum,  and  through  this  to  the  cortex  of  the  opposite  hemisphere 
{convmissaral  fibres) ;  others  form  aasodalion-fibres  which  eventually  pass 
again  into  the  grey  matter  of  other  parts  of  the  same  hemisphere ; 
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whilst  others  again,  especially  those  of  the  largest  pyramidal  cells, 
extend  downwards  through  the  corona  radiata  and  internal  capsule. 
These  include  the  projediorirfibres  of  the  pyramidal  tract  and  of  the 
cortico-pontine  tract.  As  the  projection  fibres  pass  through  the  grey 
and  white  matter  of  the  hemisphere  they  give  off  collateral  fibres  to 
the  adjacent  grey  matter,  to  the  corpus  callosum,  and  to  the  corpus 
striatum  and  optic  thalamus,  and  some  probably  end  in  these  masses  of 
grey  matter.  According  to  Cajal,  in  the  brain  of  man  as  compared 
with  the  lower  mammals,  there  is  a  marked  preponderance  of  cells  of 
Golgi's  type  IL  (with  short  axis-cylinder  ramifying  near  the  cell  body). 
Such  cells  are  most  numerous  in  the  layer  of  stellate  cells  and  in 
the  layer  of  small  pyramids. 

Special  features  of  certain  parts  of  the  cortex. — There  is,  as  already 
stated,  a  great  amount  of  variation  met  with  in  the  relative  extent  of 
development  of  the  above  layers.  This  is  exemplified  in  the  accom- 
panying drawings  by  Cajal  (figs.  485  to  488)  of  certain  convolutions 
in  the  human  brain.  From  these  it  will  be  seen  that  smaller-sized 
cells  prevail  in  some  regions  of  the  cortex  (occipital,  temporal) ;  larger 
and  fewer  cells  in  others  (frontal,  parietal,  limbic).  Nests  or  groups 
of  very  large  "  giant "  cells  are  characteristic  of  the  "  motor "  region 
(ascending  frontal  gyrus  and  paracentral  lobule  in  man  and  anthropoid 
apes) ;  these  cells  give  origin  to  the  fibres  of  the  pyramidal  tract,  and 
undergo  Nissl  degeneration  when  these  fibres  are  severed.  The 
occipital  region  (in  man,  the  neighbourhood  of  the  calcarine  fissure) 
is  especially  characterised  by  the  great  numbers  of  small  stellate  cells 
and  by  the  presence  in  the  layer  superficial  to  them  of  a  stratum  of 
very  large  stellate  cells  with  long  spreading  dendrons  (fig.  488,  4): 
amongst  these  stellate  cells  (small  and  large)  the  optic  fibres  from 
the  lateral  geniculate  bodies  ramify.  A  preponderance  of  small 
stellate  cells  is  also  seen,  but  to  a  less  extent,  in  sections  of  the 
temporal  lobe ;  to  a  still  less  extent  in  the  prefrontal  and  parietal 
regions.  The  first  temporal  gyrus  is  characterised  by  the  presence 
in  nearly  all  the  layers,  but  especially  the  deepest,  of  special  large 
cells  with  widely -spreading  dendrons  and  an  axon  passing  towards 
the  white  substance  but  giving  off  many  collaterals  in  the  grey  matter. 
There  are  also  very  many  cells  of  Golgi's  type  II.  with  axis -cylinder 
ramifying  in  a  most  complex  manner  near  the  cell-body,  mainly  in  a 
plane  vertical  to  the  surface.  The  cortex  of  the  insula  has  special 
cells  similar  to  those  in  the  first  temporal  gyrus,  and  is  further 
characterised  by  the  peculiar  spindle-shape  of  many  of  the  large 
pyramids. 

The  size  and   number  of  the   meduUated   fibres  vary  in   different 
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regions.  In  some  they  are  large  and  numerous  (motor  part  of  aacendiDg 
frontal,  calcarine  area,  hippocampal  area),  in  others  fine  and  much  less 
conspicuous  (gyrus  fornicatus,  temporal  area,  parietal  area,  prefrontal 
area,  insula  and  lobus  pyriformis),  whilst  an  intermediate  condition 


GoLOl  M.rTt90l>.     (Cajal.) 

presents  itself  in  the  occipital  area  (except  the  calcarine  region),  the 
■transverse  temporal  gyri  and  superior  temporal  gyrus,  the  part  of  the 
frontal  immediately  in  front  of  the  motor  region  and  the  ascending 
frontal.  These  differences  have  been  employed  by  Campbell  in 
attempting  to  differentiate  the  functions  of  the  various  cerebral 
regions  by  a  compai-ison  of  their  structure. 

TOE  BHINENOEPKALON. 

The  rhinencephalon  (olfactory  region  of  the  telencephalon),  on 
account  of  the  peculiarities  of  its  structure,  its  importance  in  most 
animals,  and  the  fact  that  it  has  been  the  part  of  the  telencephalon  to 
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appear  first  in  pbylogenetic  development  (archipallium  of  Elliott-Smith) 
merits  a  special  description,  although  in  man  and  primates  generally, 
and  in  some  other  (microsmatic)  mammals,  it  is  reduced  to  a  compara- 
tively rudimentary  condition.  On  the  other  hand,  in  the  so-called 
osmatic  (macrosmatic)  mammals  there  is  a  large  hollow  olfactory  bulb 
forming  the  anterior  termination  of  a  thick  olfactory  lobe  which 
broadens  out  behind,  where  it  is  continuous  with  the  hippocampal 
gyrus  and  hippocampus.  The  whole  forms  a  pyriform  mass,  which 
is  separated  from  the  rest  of  the  cortex  (neopallium)  by  a  well-marked 
fissure — the  limbic  fissure — and  has  special  connections  through  the 
anterior  commissure  and  fornix  with  other  parts  of  the  brain  on  the 
same  and  on  the  opposite  side. 

In  man  the  rhinencephalon  consists  anteriorly  of  the  small  olfactory 
bulb  from  which  the  thin  olfactory  tract  extends  backwards  to  the 
grey  matter  at  the  base  of  the  brain  and  to  the  hippocampal  region. 
Posteriorly  the  cortex  of  the  rhinencephalon  is  doubled  in  so  as  to 
form  a  projection,  the  hippocampus  major,  into  the  descending  comu 
of  the  lateral  ventricle  :  its  edge  here  thins  off  and  is  continued  merely 
as  an  epithelial  covering  to  the  choroid  plexus  of  the  pia-mater,  which 
is  invaginated  into  the  ventricle.  At  this  thin  edge  the  white  matter 
comes  to  the  surface  as  the  fimbria  (which  is  continuous  with  the 
fornix) ;  lying  along  this  is  the  small  and  half-concealed  dentate  gyrus, 
which  is  formed  by  the  sharp  bending  of  the  grey  matter,  and  which  is 
traceable  round  into  the  hippocampus  major  (from  this  it  is  separated 
by  the  hippocampal  fissure),  while  this  again  is  directly  continuous 
externally  with  the  gyrus  hippocampi.  The  olfactory  lobe  (tract)  is 
connected  directly  with  the  hippocampal  region  by  its  lateral  root, 
whilst  a  mesial  root  passes  into  the  anterior  commissure  and  connects  it 
with  the  rhinencephalon  of  the  opposite  side.  The  structure  and  con- 
nections of  all  these  parts  as  they  occur  in  man  may  be  briefly  alluded  to. 

In  the  region  of  the  hippocampus  major  (figs.  492,  493),  the  cortex 
is  simpler  in  structure  than  elsewhere,  and  in  the  hippocampus  major 
itself,  which  is  an  infolded  part  of  the  cortex,  the  pyramids  are  reduced 
to  a  single  layer  of  large  cells  lying  in  the  deeper  portion  and  sending 
their  apical  dendrons  as  long  fibres  into  the  plexiform  layer."  The 
plexiform  layer  and  the  superficial  white  stratum  which  overlies  it  are 
both  very  strongly  marked,  the  plexiform  layer  having  a  distinctly 
reticular  aspect,  due  partly  to  neuroglia  cells,  partly  to  the  arborescence 
of  the  dendrons  of  the  pyramids :  the  plexiform  layer  is  here  termed 
stratum  laciniosura ;  internal  to  it  near  the  dentate  gyrus  is  a  layer  of 
closely  packed  small  cells  termed  stratum  granulosum.  The  pyramidal 
cells  lie  close  to  the  white  layer  known  as  the  alveus.     This  is  the  part 
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of  the  hippocampus  seen  within  the  ventricle,  and  repreaente- th6  white 
matter  of  the  hemisphere.  The  alveus  ie  proloDged  externally  into  the 
fimbria,  in  which  its  fibres  become  longitudinal  in  direction  and  are 
continued  into  part  of  the  fornix. 


FiQ.   492.— Section  jor08H   the 

.Nl>  riMBEU,.     (W 

,  fascia  dentata  or  deaUte  convolution;  F,  Bmbria,  composed  of  lon^tudioal  fibraa 
hero  cut  BcroM  H  modullary  oontre  of  the  hippocampal  gjroa  prolongad  around 
the  hIppocamiiUB   oa  ths  EK^callad  bIvqub.  luto  the  fimbria;  1,  layer  of  largo  pyn- 

plesiform  layer  (atiAtuiD  Uelnioaiiin);  5,  superficial  white  layer;  ti.  nerTe.calla  of 


In  the  dentate  gyrus  {fascia  dentaia,  figs.  493,  493,  d)  the  pyramidal 
cells  (6)  are  arranged  in  an  irregularly  radiating  manner,. occupying  the 
centre  of  the  convolution,  and  surrounded  by  a  ring  of  closely  packed 
small  cells  (strainm  granulosum,  fig.  492,  7).  External  to  these  is  a  thick 
plexiform  layer,  occupied  by  interlacing  fibres  {stratum  laciniosum). 

The  anterior  part  of  the  hippocampal  gyrus,  which  is  known  as 
the  lobua  pyriformis,  and  receives  the  lateral  root  of  the  olfectory 
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tract,  is  cbaracterieed  by  the  presence  in  the  plexiform  layer  ef 
peculiar  neete  of  nerve-cells.  The  cells  in  these  neste  are  of  two 
types,  viz.,  large  polymorphous  cells  and  small  pyramidal  cells,  each 
being  confined  to  its  own  nest.  This  part  of  the  cortex  is  regarded 
by  Cajal  as  the  true  olfactory  region.     In  some  animals  the  anterior 


FlO.  493.— HlFPOCAVPAL  BEGION,   GOLGI  HETHOII.       (Cajftt.) 
A,  B,  hlppoounpal  gyrus ;   C,  hlppoeampuB  msjor  ;   D.  dentate  gynia  :    B,  flmbrta; 
F,  vblCe  matter  ol  htppocaujol  gyrus;  O,  literal  Teatrlcle;   U,  flbrei  of  cwrpiu 
Qnllosum. 

Bofhlppocam] 


impalg: 


te  gyrai ;  d,  othera  perforating  jrey  insttor  of  hlppo- 
uuicis  vui  uullqiiely  (Irom  spheuald&l  part  of  bnln):  /,  fibres  of 


perforated  space  forms  a  distinct  prominence  of  the  cortex  (tuberculum 
olfactorium)  and  this  is  also  characterised  by  cell-nests  {islets  of  Galleja). 
They  also  occur  in  the  cortex  of  the  hippoeampal  fissure. 

The   olfiictoiT  tnu;t    is   an    outgrowth   of    the    brain   which    was 
originally  hollow,  and  remains  so  in  many  animals ;  but  in  man  the 
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cavity  hae  become  obliterated  and  the  centre  is  occupied  by  neuro- 
glia, containing  no  nerve  cells  Outside  the  central  neuroglia  lies 
the  white  or  medullary  substance  consisting  of  bundles  of  longi- 
tudinal white  fibres  Most  externally  is  a  thin  superficial  layer  of 
neuroglia 

The  ol&ctorjr  bulb   (hg    494)  baa  a  more  complicated  structure. 
Dorsally    theie    i      i    flattened    ring   ot    longitudinal    white    bundles 


DlubtoT?  tract;  6,  wbite  U;er  with  DiuDaruuB  umAll  aellfl  (^nmuka);  a,  mltral-cel 
layer;  T,  Uyer  nt  oLfkotory  glomeruli ^  8.  layer  ot  oUautory  nerve- Qbres,  biUkdlBe  o 
whioli  am  weD  at  *  paatltiB  torau^  tbe  cribrifunu  pUte  ot  bho  ethmofd  bboe. 


inclosing  neuroglia  (1,  2,  3),  as  in  the  olfactory  tract,  but  below  this 
ring  several  layers  are  recognised  as  follows : 

1,  A  lohile  or  medallarii  layer  (fig.  494,  4,  5),  characterised  by  the 
presence  of  a  large  number  of  small  cells  ("granules")  with  reticu- 
lating bundles  of  medullated  nerve-fibres  running  longitudinally 
between  tbem. 

2.  A  layer  of  large  nenie-celh  (6),  with  smaller  ones  ("granules") 
intermingled,  the  whole  embedded  in  an  interlacement  of  fibrils  which 
are  mostly  derived  from  the  cell-dendrons.     From  the  shape  of  most 
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turDshuply  tackwinU ud  twoome  flbmor  tbeolfoctoiy  tnictCn.1 
oollatsnli  tn  *een  MminK  oS  fnno  tliaH  ttttnn ;  n'.  a  ner«a-flta«  ( 
tract  mding  In  i  Im  runl&iUton  in  Che  oWiMstory  bulb. 


FlO.  496,— DlAOHAM   OP  ...     

the  diagram  the  iHrioua  divBricatioas  of  the  olfuitor}'  pKth  hikve  b 
represented  by  bruiohings  of  individnal  fibrea,  although  in  Bome  cues  tbe 
difiuication  ie  bTought  about  by  the  turning  aside  of  bundlea  of  entire  fibres. 
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of  the  large  celU  of  this  layer  (fig.  495,  m.c.)  it  has  been  termed  the 
"mitral"  layer.  These  cells  send  their  axons  upwards  into  the  next 
layer,  and  they  eventually  become  fibres  of  the  olfactory  tract  and 
pass  along  this  to  the  base  of  the  brain,  giving  off  numerous  collaterals 
into  the  bulb  as  they  run  backwards. 

3.  The  layer  of  olfactory  glomeruli  (fig.  494,  7  ;  fig.  495,  gl.).  This 
consists  of  rounded  nest-like  interlacements  of  fibrils  which  are  derived 
on  the  one  hand  from  the  terminal  arborisations  of  the  non-medu Hated 
olfactory  fibres  which  form  the  subjacent  layer,  and  on  the  other  hand 
from  arborisations  of  dendrons  of  the  large  "  mitral  "  cells  of  the  layer 
above.  There  are  also  a  few  small  nerve-cells  immediately  external  to 
and  extending  within  the  glomeruli  (periglomerular  cells).  These  belong 
to  Golgi's  type  II.,  and  appear  to  connect  neighbouring  glomeruli. 

4.  The  layer  of  olfaciwy  nerve-fibres  (fig.  494,  8;  fig.  495,  df.n.). 
These  are  ail  non-medullated,  and  are  continued  from  the  olfactory 
fibres  of  the  "olfactory  mucous  membrane  of  the  nasal  fossfe,  In 
this  mucous  membrane  they  take  origin  from  the  bipolar  olfactory 
cells  which  are  characteristic  of  the  membrane  (see  Lesson  XLV.  fig. 
528),  and  they  end  in  arborisations  within  the  olfactory  glomeruli, 
where  they  come  in  contact  with  the  arborisations  of  the  mitral  cells. 
The  relations  of  the  olfactory  cells  and  fibres  to  the  mitral  cells,  and 
the  oontinuation  of  the  uxia-cylindera  of  the  latter  upwards  and  back- 
wards in  the  olfactory  tract,  are  shown  in  the  accompanying  diagrams 
(figs.  495,  496).  Besides  these  centripetal  nerve-fibres  there  are  a 
certain  number  of  centrifugal  fibres  which  end  by  ramifying  in  the 
olfactory  bulb  amongst  the  mitral  cells. 

As  is  seen  in  fig.  49fi,  many  of  the  fibres  of  the  olfactory  tract  pass 
to  the  hippocampal  region  of  the  brain,  terminating  by  arborescence  in 
the  grey  matter  (molecular  layer)  of  the  base  of  the  olfactory  lobe  in 
the  region  of  the  anterior  perforated  space,  as  well  as  in  that  of  the 
uncus  and  the  hippocampal  gyrus.  Fibres  are  also  given  off  from  the 
olfactory  tract  to  the  anterior  commissure  which  proceed  to  the  oppo- 
site tract  and  bulb.  Besides  these  the  anterior  commissure  containa 
many  fibres  which  are  passing  from  the  hippocampal  region  of  one  side 
to  the  corresponding  region  on  the  opposite  side  of  the  brain.  From 
the  pyramid-cells  of  the  base  of  the  olfactory  lobe  and  hippocampal 
gyrus  fibres  pass  to  the  grey  matter  of  the  hippocampus,  and  from  the 
pyramid-cells  of  the  hippocampus  others  proceed  by  way  of  the 
fimbria  and  fornix  to  the  hippocampus  of  the  other  side,  to  the  sub- 
callosal gyrus  and  septum  lucidum,  to  the  ganglion  of  the  habenuIa^.J 
and  finally  by  the  anterior  pillar  of  the  fornix  to  the  corpor»vJ 
uammillaria. 
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CORPUS  STRIATUM. 

Besides  the  grey  matter  of  the  cerebral  cortex  the  cerebral  hemi- 
spheres conceal  in  their  deeper  parts  certain  other  masses  of  grey 
substance  (fig.  497).  The  principal  of  these  are  the  corpus  striatum 
{nudeu8  caudatuSj  n.c,  and  rmcleus  lenticidaris,  n,l.)  and  optic  thalamus 
(th.).  Between  them  run  the  bundles  of  white  fibres  which  are 
passing  downwards  to  the  crus  cerebri,  forming  a  white  lamina 
termed  the  internal  capsule.  Above  the  level  of  these  nuclei  the 
internal  capsule  expands  into  the  medullary  centre  of  the  hemisphere. 
Below  the  optic  thalami  are  the  prominent  ganglia  known  as  corpora 
albicantia  or  mammillaria.  Of  these  the  optic  thalami  and  corpora 
mammillaria  have  already  been  described. 

The  nucleus  caudatus  of  the  corpus  striatum  is  composed  of  a  reddish- 
grey  substance  containing  cells  some  with  long,  others  with  short  axis- 
cylinders  ;  some  of  the  former  being  very  large.  It  'receives  fibres 
from  the  part  of  the  internal  capsule  which  separates  it  from  the 
nucleus  lenticularis,  and  next  to  the  lateral  ventricle  it  is  covered  by 
a  thin  layer  of  neuroglia,  and  over  this  by  the  epithelium  of  the  cavity 
(ependyma). 

The  nucleus  lenticularis,  which  corresponds  in  position  internally 
with  the  island  of  Reil  externally,  is  divided  by  two  white  laminae  into 
three  zones.  It  is  separated  from  the  nucleus  caudatus  and  optic 
thalamus  by  the  internal  capsule  (fig.  497,  t.c),  which  consists  of  the 
bundles  of  medullary  fibres  which  are  passing  between  the  white 
centre  of  the  hemisphere  and  the  crus  cerebri ;  it  receives  on  its  inner 
side  many  white  fibres  from  the  capsule,  and  these  impart  to  it  a 
radially  striated  aspect.  Many  of  the  nerve-cells  of  the  nucleus 
lenticularis  contain  yellow  pigment.  The  fibres  of  the  an>sa  lenticularis 
appear  to  arise  from  some  of  them,  but  the  exact  course  and  destination 
of  these  fibres  is  not  known. 

The  internal  capsule  (fig.  497),  which  is  continued  below  into  the 
crusta  (pes)  of  the  crus  cerebri,  consists  mainly  of  projection-fibres, 
which  are  derived  from  the  cortex  cerebri,  and  are  passing  down  to 
the  thalamus,  mid-brain,  pons,  medulla  oblongata,  and  spinal  cord. 
A  horizontal  section  across  the  internal  capsule  shows  it  to  be 
bounded  laterally  by  the  lenticular  nucleus,  mesially  by  the  caudate 
nucleus,  the  stria  meduUaris,  and  the  optic  thalamus.  Its  section 
shows  a  sharp  bend — the  genu.  The  fibres  from  the  motor  region  of 
the  cortex  (pyramidal  tract)  pass  down  in  the  part  of  the  capsule 
extending  from  the  genu  as  far  as  the  posterior  limit  of  the  lenticular 
nucleus.     In  this  area  the  fibres  for  the  head  and  eyes  are  massed 


INTERNAL  CAPSULE. 

cbiefiy  in  the  anterior  part ;  thoee  of  the  lower  limb  in  the  posterior 
part,  and  those  of  the  face,  arm,  and  trunk  occupy  ititertnediate  posi- 
tions from  before  backward,  in  the  order  named  (Beevor  and  Horsley), 


/,  IslsDd  of  Retl 


The  fibres  from  the  cortex  to  the  thalamus  lie  mainly  in  the  anterior  , 
limb  of  the  capsule,  while  the  afferent  fibres  from  the  thalamus  to  the  i 
cortex  occur  in  the  posterior  part  of  the  posterior  limb,  but  extend  | 
forwards  so  as  to  mingle  with  the  descending  fibres  just  referred  to  j 
as  belonging  to  the  pyramidal  tract. 

The  membranes  of  the  brain  are  similar  in  general  structure  to  those  I 
of  the  spinal  cord.     The  dura  mater  is,  however,  more  closely  adherent 
to  the  inner  surface  of  the  bony  enclosure  than  is  the  case  i 
vertebral  canal.     The  arachnoid  is  in  many  places  close  to  the  dura 
mater,  and  separated  by  a  wide  subarachnoid  space  (which  is  bridged 
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■across  by  finely  reticulating  bands  of  areolar  tissue)  from  the  pia 
mater.  In  the  vicinity  of  the  longitudinal  sinus,  small  rounded 
•elevations  (arachnoidal  villi,  Pacchionian  glands)  project  into  the  dura 
mater,  and  even  become  embedded  in  the  skull  itself.  The  pia  mater 
is  closely  adherent  to  the  surface  of  the  brain,  and  dips  *into  all  the 
Bulci,  but  without  forming  actual  folds  (Tuke).  In  it  the  blood-vessels 
ramify  before  passing  into  the  substance  of  the  brain,  and  they  are 
accompanied,  as  they  thus  enter  the  cerebral  substance,  by  prolonga- 
tions of  the  pia  mater,  which  do  not,  however,  closely  invest  them,  but 
leave  a  clear  space  around  each  vessel,  presumably  for  the  passage  of 
lymph  (perivascular  space).  The  capillary  network  is  much  closer  in 
the  grey  than  in  the  white  matter. 


THE  EYELIDS. 


LESSONS  XLVL.  XLVJI., 


STRUCTURE  OF   THE  EYELIDS  AND   OF  THE   PARTS    OF 
THE  EYEBALL. 


1.  Skctions  of  the  eyelid  vertical  to  ita  Burfacea  and  traiiBverae  ti 


along 


fibrous  attach  in 


Notice  the  lung  saccaiated  Meibomian  glanda  lying  in  dense  connective 
lissne  close  to  the  conjaactival  sarface,  their  ducts  opeaiug  at  the  margin  of 
the  lid.  External  to  tneae  the  small  fibres  of  the  orbicularis  palpebrarum  are 
;  a  few  of  the  fibres  of  the  muscle  lie  on  the  conjunctival  side  of 
the  duct.  A  short  distance  from  the  Meibomian  gland  vxa.y  be  observed  a 
tolerably  large  eebaceoua  gland ;  oiitsidt?  this  again  are  tie  eyelashes.  In 
ttie  slcin  covering  the  outer  surface  of  the  eyelia  a  few  small  hairs  may  be 
«een.  At  the  attached  part  of  the  eyelid  are  some  bundles  of  involuntary 
muscular  fibres  cut  longitudinally  in  the  section,  and  in  the  upper  eyelid  the 
^nt  of  the  elevator  muacle  may  be  obaerved  attached  to  the 

Make  a  general  sketch  under  a  low  power. 

S.  Sectiona  througb  the  posterior  part  of  an  eyeball.  Tteae  aectiona  will 
«how  the  relative  thtckuesa  of  the  several  coats  and  the  layers  of  which  each 
coat  is  formed.  Sections  which  paaa  through  tlie  point  of  entrance  of  the 
optic  nerve  will  also  exhibit  the  manner  in  which  the  nerve-fibrea  pierce  the 
several  coats  to  reach  the  inner  surface  of  the  retina.  The  modifitAtiona 
■which  are  found  in  the  neighbourhood  of  the  yellow  spot  may  be  made  out 
n  sections  through  that  region  ;  but  they  must  be  taken  from  the  human 
«ye,  or  from  that  of  the  monkey. 

>.  Bections  of  the  anterior  hailf  of  an  eyeball.  These  sections  shoulil  pass 
'througb  the  middle  of  the  cornea.  The  leus  may  be  left  in  dtu,  but  this 
renders  the  preparation  of  the  sections  and  the  inountinq;  of  them  difficult 
^)n  account  of  the  ex.ti'eme  hardness  which  is  imparted  to  the  lens-tissue  by 
ftlcohol.' 

In  these  sections  make  a  general  sketch  under  a  low  power,  showing  the 
relations  of  the  several  parts  one  with  another ;  and  study  carefully,  and 
sketch  in  detail,  the  layera  of  the  cornea,  the  junction  of  the  cornea  and 
sclerotic,  the  ciliary  muacle,  the  muaciilar  tisaue  of  the  iris,  the  mode  of 
suspension  of  the  lens,  and  the  pars  cilinris  retime. 

4.  Mount  in  glycerine  thin  tangential  aectiona  of  a  cornea  stained  with 
diloride  of  gold  by  Cohnheim's  method ;  if  from  the  frog,  the  cornea  can 
be  torn  with  fine  forceps  into  thin  lamella,  which  are  mounted  whole. 
'  Sketch  three  or  four  of  the  connective-tissue  cella  (corneal  corpusclea).  The 
arrangement  and  distribution  of  the  nerve-fibres  and  their  termination 
amongat  the  epithelium -cells  as  shown  in  chloride  of  gold  preparations  have 
been  already  studied  {Lesson  SIX.,  p.  176), 
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5.  Mount  ill  dammar  sections  of  a  cornea  which  has  been  stained  with 
nitrate  of  silver.  Notice  the  branched  cell -spaces  corresponding  with  the 
connective-tissue  cells  of  the  last  preparation. 

[This  preparation  is  best  made  by  rubbing  the  surface  of  the  cornea  of  a 
recently  killed  animal  with  lunar  caustic,  after  scraping  off  the  epithelium 
with  a  scalpel.  After  ten  minutes  (by  which  time  the  nitrate  of  silver  will 
have  penetrated  the  thickness  of  the  cornea)  the  eye  is  washed  with  distilled 
water,  and  exposed  to  the  light.  When  brown,  tangential  sections  may  he 
made,  for  which  purpose  the  stained  cornea  may  be  hardened  in  spirit.] 

6.  Remove  the  sclerotic  from  the  anterior  part  of  an  eye  which  has  been 
preserved  in  Miiller's  fluid,  and  tear  off  thin  hhreds  from  the  surface  of  the 
choroid,  including  amongst  them  portions  of  the  ciliary  muscle.  Stain  the 
shreds  with  hsematoxylin  and  mount  them  in  glycerine.  Sketch  the  branched 
pigment-cells,  the  elastic  network,  the  mode  of  attachment  of  the  fibres  of 
the  ciliary  muscle,  etc. 

7.  Injected  preparation  of  choroid  and  iris.  Mount  portions  of  the  choroid 
coat  and  iris  from  an  eye  (preferably  of  an  albino  animal),  the  blood-vessels 
of  which  have  been  filled  with  coloured  injection.  Make  sketches  showing 
the  arrangement  of  the  capillaries  and  veins. 

8.  Teased  preparation  of  human  retina.  Break  up  with  needles  in  a  drop 
of  glycerine  a  minute  fragment  of  retina  which  has  been  placed  in  1  per 
cent,  osmic  acid  solution  for  some  hours,  and  has  subsequently  been  kept  in 
dilute  glycerine.  Complete  the  separation  of  the  retinal  elements  by  tapping 
the  cover-glass.  Draw  carefully  under  a  high  power  some  of  the  isolated 
elements—  e.g.  the  rods  and  cones  with  their  attached  fibres  and  nuclei,  the 
inner  granules,  the  ganglion-cells,  the  fibres  of  Miiller,  hexagonal  pigment- 
cells,  etc.  In  some  of  the  fragments  the  arrangement  of  the  elements  in  the 
retinal  layers  may  be  made  out  even  better  than  in  actual  sections.^ 

Measure  the  length  and  diameter  of  some  of  the  cones,  the  length  of  the 
cone-fibres,  and  the  diameter  of  some  of  the  outer  and  inner  nuclei. 

9.  Teased  preparation  of  frog's  retina.  To  be  prepared  in  the  same  way  as 
8.  Notice  the  very  large  rods,  their  outer  segments  breaking  up  into  disks, 
and  the  relatively  small  cones.  Also  the  pigment  extending  between  the 
rods,  the  distance  varying  according  as  the  eye  has  been  kept  in  the  dark  or 
in  the  light.     A  fresh  frog-retina  should  also  be  teased  in  salt  solution. 

10.  Sections  of  retina  of  ox  or  dog,  which  have  been  prepared  by  Golgi's 
method.  A  curled-up  piece  of  fresh  retina  is  placed  in  osmium-bichromate 
mixture  and  is  subsequently  treated  with  nitrate  of  silver  solution.^ 

11.  Teased  preparation  of  lens.  Separate  in  water  the  fibres  of  a  crystalline 
lens  which  has  been  macerated  for  some  days  in  bichromate  of  potassium  or 
dilute  formol  solution.     Sketch  some  of  the  fibres,  together  and  separate. 


The  eyelids  (fig.  498)  are  covered  externally  by  the  skin,  and 
internally  or  posteriorly  by  a  mucous  membrane,  the  conjunctiva,  which 
is  reflected  from  over  the  globe  of  the  eye.  They  are  composed  in 
the  main  of  connective  tissue,  which  is  dense  and  fibrous  under  the 
conjunctiva,  where  it  forms  what  is  known  as  the  tarsus, 

^  The  distribution  of  the  nerve-fibres  and  cell -processes  within  the  retina  can 
only  be  made  out  satisfactorily  by  the  employment  of  Golgi's  silver  chromate 
method  (see  §  10). 

2  See  Appendix.     CSajal's  reduced  silver  method  may  also  be  employed. 
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Embedded  in  the  tarsus  is  a  row  of  long  sebaceous  glands  (the 
Meibomian  glands,  f)  the  ducts  of  which  open  at  the  edge  of  the  eyelid. 
The  rest  of  the  thickness  of  the  eyelid  is  composed  of  a  somewhat 
loose  connectiTe  tissue    and  contains  the  bundles  of  the  orbtmUaris 


ITKLID  (WaldBJOT.) 

luede  of  ey«11d  ;  d,  con- 


muscle  (&).  In  the  upper  eyelid  the  levator  palpebrm  is  inserted  into 
the  tarsus  by  a  fibrous  expansion,  and  some  bundles  of  involuntary 
muscle  are  also  present  near  the  attachment  of  the  eyelid.  The  skin 
has  the  usual  structure ;  it  contains  small  sweat-glands,  and  the 
follicles  of  small  hairs,  and,  in  addition,  at  the  edge  of  the  eyelid,  the 
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large  hair-foUicleH  from  which  the  eyelashes  grow.  The  epithelium 
of  the  conjunctiva  palpebne  is  coliimntir,  passing  at  the  edge  of  the 
lid  into  the  stratified  epithelium  of  the  akin  ;  it  also  becomes  stratified 
in  the  part  which  is  reflected  over  the  globe  of  the  eye.  The  nerves  of 
the  conjunctiva  terminate  for  the  most  part  in  end-bulbs,  which  in  man 
are  spheroidal,  and  formed  chiefly  of  a.  small  mass  of  polyhedral  cells ; 
but  in  the  calf  and  most  animals  they  are  elliptical. 

The  lacrymal  gland  may  be  briefly  mentioned  in  connection  with 
the  eyelid.  It  is  a  compound  racemose  gland,  yielding  a  watery 
secretion.     Its  alveoli  are  lined  by  columnar  cells,  which  are  normally 


filled  with  granules,  but,  after  profuse  secretion,  these  disappear,  and 
the  cells  become  much  shorter  and  smaller  (fig.  499,  A,  B).  Its  ducts, 
of  which  there  are  several,  open  at  the  upper  fold  of  the  conjunctiva, 
near  its  outer  extremity. 

The  globe  of  the  eye  (fig.  500)  is  inclosed  by  three  coats,  the  comea- 
acl erotic,  choroid  (with  the  iris),  and  retina.  It  is  filled  by  the 
vitreous  and  aqueous  humours  and  the  crystalline  lens  which  lies- 
between  them. 

The  sclerotic  coat  is  composed  of  dense  fibrous  tissue,  the  bundlea 
of  which  are  intimately  interlaced.  It  is  thickest  at  the  back  of  the 
eyeball.  It  is  covered  externally  with  a  lymphatic  endothelium,  while 
internally  it  is  lined  by  a  layer  of  connective  tissue  containing  pigment- 
cells,  which  give  it  a  brown  appearance  {lamina  fusca).     At  the  entrance 
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of  the  optic  nerve  the  sclerotie  is  prolonged  into  the  aheath  of  that 
aerve,  the  bundles  of  which,  piercing  the  coat,  give  a  aieve-Kke  aapect 
to  the  part  {lamina  a-ihrosa,  fig.  312,  L.). 


Era.  iSOa— Dtaqiiau  op 


The  cornea  (fig,  501)  couaiats  of  the  following  layers  (enumerated 
from  before  back) : 

1,  A   simtified   epithelium   continuous    with    the    epithelium    of  the 
conjunctiva  (1). 

2,  A  thin  lamina  of  homogeneoua  connective  tissue  {iii^ibrane  of 
Bowman),  upon  which  the  deepest  cells  of  the  epithelium  rest  (2). 
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3.  A  thick  layer  of  fibrous  connective  tissue  which  forms  the  proper 
substance  of  the  cornea  (3),     This  is  continuous  laterally  with  the  tissue 


Fio.  601. 

(Waldejer.)     (MagDified.) 
1,  ei^thelium ;  «,  anterior  honUHCncom  lamtDa ;  S,  aubBtantia  propria  comeiB ;  *,  pos- 
terior bomoKaDeous  (elastic)  lamina;  A.epitbeliumof  the  anterior  uhainber;  a,  oblique 

In  sectloii;   4,  lamellES  "iiltb  the^"b^i  cut  longitndiDaliy  ;''V'trai]Blt^''to°^ 
adarolic.  BiUi  more  distinct  fibrillation ,  and  eiinuounted  by  b  Ibtclier  epithelium; 

of  the  sclerotic.  It  is  composed  of  bundles  of  white  fibres  arranged 
in  regular  laminse,  the  direction  of  the  fibres  crossing  one  another  at 
right  angles  in  the  alternate  lamina.    Between  the  laminie  lie  flattened 
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connective-tissue  corpuscles  (fig.  502)/  which,  are  branched  and  united 
by  their  processes  into  a  continuous  network;  there  is  of  course  a 
corresponding  network  of  cell-spaces.  In  vertical  sections  the  cells 
appear  narrow  and  spindle-shaped  (fig.  501,  c).  In  the  superficial 
laminse  there  are  a  few  bundles  of  fibres  which  run  obliquely  towards 
the  surface  (a), 

4.  A  homogeneous  elastic  layer  (membrcme  of  Descemet,  fig.  501,  4). 
This  completely  covers  the  back  of  the  cornea,  but  near  the  angle 
which  the  cornea  forms  with  the  iris  it  breaks  up  into  separate  fibres 
(ligamentum  feciinatum)  which  are  partly  continued  into  the  iris  as 
the  pillars  of  the  iris. 


Fig.  502.— Corpuscles  op  thk  cornea,  isolated.    (Waldeyer.) 


5.  A  layer  of  pavement-epithelium  {epithelium  of  Descemefs  membrane) 
covering  the  posterior  surface  of  the  elastic  lamina,  and  lining  the 
front  of  the  anterior  chamber  of  the  eye  (tig.  501,  5).  At  the  sides 
it  is  continued  over  the  ligamentum  pectinatum  into  a  similar  epithe- 
lium, covering  the  anterior  surface  of  the  iris.  The  cells  of  the 
epithelium  of  Descemet's  membrane  are  separated  from  one  another 
by  intercellular  spaces,  bridged  across  by  bundles  of  fibrils  which  pass 
through  the  cells  (fig.  503).  Each  cell  has  a  peculiar  basket-like 
reticulum  close  to  the  nucleus  :  perhaps  a  modified  centrosome. 

The  nerves  of  the  cornea  pass  in  from  the  periphery,  losing  their 

medullary  sheath  as  they  enter  the  corneal  substance.      They  form 

a   primary   plexus   in   the   substantia   propria,   a   secondary   or   sub 

epithelial  plexus  immediately  under  the  epithelium  which  covers  the 

anterior  surface,   and   a  terminal    plexus    of  fine   fibrils   which  pass 

from   the   subepithelial   plexus  in  pencil-like  tufts  and  become  lost 

2f 
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between  the  epithelium-cells  (Fig.  504).    There  are  no  blood-veBsels 
or  lymphatics  in  the  cornea,  although  they  come  close  up  to  its  margin. 


(After   biDimow 


Fig 

504.- 

-Vkbtical 
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a1  corpuscles  and  the  cell 
0  °  tfa'a'  ful^ftlidtal  ^ 

THE  CHOROID  COAT. 

The  choroid  ti  vascular  coat  ot  the  eye  ib  of  a  black  c  lour  m 
many  animals  but  in  the  human  eye  it  18  dark  brown  It  is  com 
poaed  of  connective  tissue  the  cells  of  which  are  large  and  filled 
with  pigment  (figs    505    506)      It  contains  in  its  inner  layer  a  cloEe 


network  of  blood-vessels,  and  in  its  anterior  part  the  involuntary 
muscular  fibres  of  the  ciliary  muscle,  which  pass  backwards  from 
their  origin  at  the  junction  of  the  cornea  and  sclerotic,  to  be  inserted 
into  the  choroid.  The  choroid  is  separable  into  the  following  layer's 
(enumerated  from  without  in): 

1.  The  lamhM  sv/prachmoidta  (fig.  505,  d).     This  is  a  loose  membranB- 
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i  of  delicate  connective  tissue  pen'aded  by  a  network  of  fine 
elastic  fibres,  and  containing  many  large  branched  pigment-cells  and 
lymph -corpuscles  {ftg.  506).  It  is  covered  superficially  by  a  lymphatic 
endothelium,  and  is  separated  from  the  laintna  fusca  of  the  sclerotic 
by  a  cleft-like  lymph-space  which  is  bridged  across  here  and  there  by 
the  passage  of  TesaelE  and  nerve«,  and  by  bands  of  connective  tissue. 

2.  The  ra^culair  layer  of  the  choroid  (fig.  505,  l),  which  resembles 
the  suprachoroidea  in  structure,  but  contains  the  blood-vessels  of  the 


coat.  In  its  outer  part  are  the  larger  vessels  (arteries  and  veins), 
the  veins  having  a  peculiar  vorticose  arrangement;  in  its  inner  part 
(chorio-eapillaris)  are  the  capillaries,  which  form  an  extremely  close 
network  with  elongated  meshes,  the  capillaries  radiating  from  the 
extremities  of  the  small  arteries  and  veins  in  a  highly  characteristic 
manner  (fig,  507).  In  the  ciliary  processes  the  vessels  have  for  the 
most  part  a  longitudinal  direction,  but  there  are  numerous  convo- 
luted transversely  disposed  capillaries  uniting  the  longitudinal  vesaela 
(fig.  510,  d). 

3.  Lining  the  inner  surface  of  the  choroid  is  a  thin  transparent 
membrane  known  as  the  inemhrniie  of  Bni'-A  (fig.  505,  a). 

The  ciliary  muscle  consists  of  involuntary  muscular  bundles  which 
arise  at  the  corneo-sclerotic  junction,  and  pass  nieridionally  backwards 


pupil: ' 

The  iris  is  that  part  of  the  vascular  coat  of  the  eye  which  extends 
in  front  of  the  lens.  It  is  continuous  wich  the  choroid  and  has  a 
Bimilar  structure,  but  its  pigment-cells  often  contain  variously  coloured 
pigment.  Beside b  the  delicate  connective  tissue  with  imineroua 
elastic  fibres  acd  blood-vessela  of  which  it  is  chiefly  composed,  it 
contains  two  sets  of  plain  muscular  fibres.  The  one  set  forms  the  ] 
sphincter  mnaele  (figa.  508,  sp.,  S09.  a),  wbieh  encircles  the  pupil ;  the  I 
other   set   conaista  of   a   flattened   layer  of   radiating   fibres  which 
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extend  from  the  attachment  of  the  iris  Dearly  to  the  pupil,  lying 
cloee  to  the  posterior  surface  and  constituting  the  dilalatar  muscle 
(fig.  509,  b). 

The  back  of  the  iris  is  covered  by  a  thick  layer  of  pigmented 
epithelium  (uvea)  continuouB  with  the  epithelium  of  the  pars  ciliaris 
retinte. 

The  muscular  tissue  of  the  iris  is  stated  to  be  developed  from  the  epithelium 
at  the  back  of  the  iris  (Nussbaum,  Szili). 


Fio.  509.— Skghbnt  of  t 


FlQ.  610.—  VsaaBLa  op  the  OHOBorn,  ciLl 

AKD  iHia  OF  A  CHILD.     (Arnold.)    (10  diameters.) 
4,  capillury  uetwurlc  of  th«  piwturlor  part  of  tha  charoidf  ondin^r 


ie  pupillary  marjilji  of  the  iris. 


The  blood-vessels  of  the  iris  (fig.  510,  e)  converge  towards  the  pupil. 
Near  the  pupil  the  small  arteries  form  an  anastomotic  circle,  from 
which  capillaries  arise  and  pass  still  nearer  the  pupil,  around  which 
they  form  a  close  capillary  network. 

A  large  number  of  nerve-fibres  are  distributed  to  the  choroid  and 
iris,  probably  going  chiefly  to  the  muscular  tissue  of  those  parts  (ciliary 
muscle  and  sphincter  and  dilatator  pupUlffi). 

The  retina  consists  of  the  eight  layers  shown  in  the  accompanying 
figure  (fig.  511),  rmmbered  as  they  occur  from  within  out. 

The  iuner  surface  of  the  retina,  which  is  smooth,  rests  upon  the 
hyaloid  membrane  of  the  vitreous  humour.  It  is  formed  of  the  united 
bases  of  the  fibres  of  Muller,  which  will  be  afterwards  described. 

The  layer  of  nerve-fibres  is  formed  by  the  expansion  of  the  optic  narve 
after  it  has  passed  through  the  coats  of  the  eye  (fig.  61-J).     At  its 
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entrance  the  nerve  forma  a  slight  eminence  {coUiaulus  nervi  cptid).  The 
nerve-fibrea  loae  their  medollary  aheath  on  reaching  the  retina.  Most 
are  connected  with  (derived  from)  the  cells  of  the  ganglionic  or  optic 
nerve-ceU  luyer  (fig.  513),  but  some  (centrifugal)  fibres  pass  through 
^lionic  anrl  molecular  layers  to  form  a  terminal  arborisation  in 


<H.  SchnltzB.) 


the  inner  nuclear  layer  (fig.  514  and  fig.  513,  j).     The  layer  of  nerve- 1 
fibres  becomes  gradually  thinner  in  the  anterior  part  of  the  retina. 

The  laj/er  of  optic  nerve-cells,  or  ganglimk  layer,  is  composed  of  nerve- 1 
cells  somewhat  like  the  cells  of  Purkinje  of  the  cerebellum  but  varying"! 
in  size,  although  those  of  largo  size  are  prevalent  in  most  parts  of  th4| 
retina.  In  the  yellow  spot,  on  the  other  hand,  smaller  nerve-cells 
met  with,  and  they  may  here  lie  several  deep.     These  nerve-cells  b 


Fig.  513.— Sectioh  op  doo'b  betina,  golui  METHon.    (Ciijal.) 
le-Hbn :  b,  rod-abis  and  Duoisiis ;  c,  d.  bipolar  edit  (inner  gruiiilcs)  with  vertical 
nTHifiefttiDM  ol  their  outer  prOLoaaea  or  dendrnm:  In  tte  oeutro  of  the  rami floation 
:a  tbe  enlarged  endi  ut  rod-fibrea;  r,  other  bipolar!  nlth  aattened  ramiaistliiaB 

Ion;  t,  inner  granule^lBll  aending  an  aion  'towards  the  rod  and  eono-abreai  h, 
loleu'ular  layera ;  >r,  ganglionic  cells,  with  axoiia  paaiing  Into  nervE-fibre  iayer. 
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a  fine  axis-cylinder  procese  prolonged  into  a  fibre  of  the  layer  juaiS 
noticed,   and  a  thick    branching  process,   the   ramifications  of  whi^ 
terminate  in  the  next  layer  in  flattened  arboriBationa  at  dififerent  level* 
(fig.  51S,  A,  B,  C). 

The  inner  synapse  Imjer  or  inner  molecular  lai/er  is  comparatively  thieltiJ 
and  has  an  appearance  very  like  parts  of  the  grey  mutter  of  the  n 


centres.     A  few  nuclei  are  scattered  through  it,  and  it  is  occupied  byJ 
the  proceaaea  of  the  Berve-oeUa  and  of  the  inner  granules  (bipoiara  andj 
amacrine  cells)  which  form  synapses  in  it;  it  is  also  traversed  by  the] 
centrifugal  fibres  from  the  optic  nerve  layer,  as  well  as  by  the  fibres  0 
Mailer. 


The  inner  ijranule  layer  falso  termed  iimer  nuclear  layer)  is  mainly 
composed  of  bipolar  nerve-cells  containing  large  nuclei.  A  process 
(the  axon)  of  each  of  these  cells  (fig.  513)  extends  inwards  into  the 
ir  molecidar  layer  where  it  spreads  out  into  a  terminal  arbori' 
•ation.  These  arborisations  occur  at  different  levels  in  the  layaJv 
forming  synapses  with  the  optic  nerve-celJs.  Another  process; , 
(dendron)  is  directed  outwards,  and  arborises  in  the  outer  moleoulflf  i 


esac^H 
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layer,  where  it  forms  Bjnapees  with  the  terminations  of  the  rod-  and 
cone-fibrea.  It  has  been  shown  by  Ram6n  y  Cajal  that  there  are  two 
kinda  of  bipolara,  one  kind  (rod-bipolars,  fig.  513,  e.d)  being  connected 
externally  with  the  rods  of  the  retina,  and  passing  inwards  to  ramify 
over  the  bodies  of  the  nerve-cells,  whereas  those  of  the  other  kind 
{cme-bipolars,  e)  are  connected  with  the  cone-fibres,  and  ramify  in  the 
middle  of  the  inner  molecular  layer.  The  outwardly  directed  pro- 
cesses of  these  cone-bipolars  are,  in  some  animals,  hut  not  in  mammals. 


^■'■X' 


id  eitcDding  <G)  aB  U 


continued  on  as  &r  as  the  external  limiting  membrane,  where  each 
ends  in  a  free  extremity  {J3)re  of  Landolt,  fig.  516,  E).  Besides  these 
bipolar  nerve-cells,  there  are  other  larger  inner  granules  (spongioblasts 
of  some  authors)  which  are  difl'erent  in  character,  having  ramified 
processes  which  extend  into  the  inner  molecular  layer  (figs.  513,  k; 
516,  A,  B,  c),  in  which  the  bodies  of  these  cells  are  often  partly 
embedded.  The  cells  in  question  have  been  regarded  as  of  the  nature 
of  neuroglia-cells,  but  according  to  Cajal  they  are  probably  all  nerve- 
cella.  He  has  termed  them  amacrine-cdls,  from  the  fact  that  they  are 
destitute  of  a  long  process ;  but  some  have  been  noticed  to  give  off', 
besides  the  branching  processes  or  dendrons,  which  ramify  in  the 
molecular  layer,  an  axis-cylinder  process  which  may  extend  into  the 
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nervB-fibre  layer.  There  are  also  some  cells  in  the  outer  part  of  the 
granule  layer  which  send  their  procesaea  entirely  into  the  outer  molecular 
layer  (fig.  S16,  H).  Tbeae  are  the  horizonlal-ceUs  of  Eam6n  y  Caj'al 
(termed  apoogioblaats  of  outer  molecular  layer  by  some  authors). 
The  fibres  of  Muller  have  nucleated  enlargements  (fig.  516,  ,i)  in  the 
inner  nuclear  layer. 

The  oiil&-  molecular  lay&r  is  tbin,  and  is  composed  mainly  of  the 
arborisations  of  the  inner  granules,  of  the  rod  and  cone-fibres,  and  of 
the  horizontal  cells  {figs,  513,  516), 
which  all  form  synapses  in  this  layer. 

The  Quler  nuclear  layer  and  the  layer 
oj  rods  and  ecm.es  are  composed  of 
elements  which  are  continuous  through 
the  two  layers,  and  they  should  pro- 
perly, therefore,  be  described  as  one. 
It  has  been  termed  the  saisory  epi- 
thelium of  the  retina  (fig.  517,  6  and  7). 
The  elements  of  which  this  nerve- 
epithelium  consists  are  elongated 
nerve-eeUe  of  two  kinds.  The  most 
numerous,  which  may  be  termed  the 
rod-deTnents,  consist  of  peculiar  rod-like 
structurea  (retinal  rods)  set  closely  side 
by  side,  each  of  which  is  prolonged 
internally  into  a  fine  varicose  fibre 
(rod-fibre)  which  swells  out  at  one  part 
of  its  course  into  a  nucleated  enlarge- 
ment, and  ultimately  ends  (in  mam- 
mals) in  a  minute  knob  within  the 
outer  molecular  layer,  where  it  is  em- 
bedded in  the  ramifications  of  the  dendrona  of  the  rod-bipoSars. 
The  rod  consists  of  two  segments,  an  outer  cylindrical  and  trans- 
versely striated  segment,  which  during  life  baa  a  purplish-red  colour 
if  the  eye  has  not  been  recently  exposed  to  lights  and  an  inner 
slightly  bulged  segment  which  in  part  of  its  length  is  longitudinally 
striated.  The  nucleus  of  the  rod-element  in  some  animals,  but  accord- 
ing to  Flemming  not  in  man,  has  a  transversely  shaded  aspect  in  the 
fresh  condition  (fig.  517).  The  coite-elemenis  are  formed  of  a  conical 
tapering  external  part,  the  retinal  cone,  which  ia  directly  prolonged 
into  a  nucleated  enlargement,  from  the  farther  side  of  which  the 
WMrfibrt,  considerably  thicker  (in  mammals)  than  the  rod-fibre,  passes 
iawArds,  to  terminate  by  an  expanded  arborisation  in  the  outer  mole- 
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cular  layer;  here  it  comea  into  relation  with  a  similar  arborisation 
at  dendrons  of  a  cone-bipolar.  The  cone,  like  the  rod,  is  fonsed  of 
two  segmentB,  the  outer  of  which,  much  the  smaller,  is  transversely 
striated ;    the  inner,   bulged  segment  being  longitudinally  striated. 


The  inner  ends  of  the  rod-  and  cone-fibres,  as  already  stated,  form 
synapses  with  the  peripheral  arborisations  of  the  bipolars,  and  through 
the  latter  elements  and  their  synapses  in  the  inner  molecular  layer 
a  connection  is  brought  about  with  the  nerve-cells  and  nerve-fibres  of 
the  innermost  layers.  The  connection  of  the  retinal  elements  with 
■one  another  and  through  the  optic  fibres  with  the  central  nervous 
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system  (anterior  corpora  quadrigemina  and  lateral  geniculate  bodies)  J 
is  shown  diagrammaticaily  in  fig.  518. 

In  birds,  reptiles,  and  amphibia,  a  small  oil-glohuie,  often  brightly! 
coloured  red,  yellow,  or  green,  is  found  in  the  inner  segment  of  « 
cone.     Other  variations  of  structure  are  met  with  in  different  animals. 

The  cones  are  most  numerous  at  the  back  of  the  retina;  they  ap*il 
fewer  in  number,  and  the  rods  are  propoi'tionally  more  numerouSsV 
towards  the  anterior  part. 


"J^ha  pigmentary  layer  forma  the  most  external  part  of  the  retina.     It 
consists  of  hexagonal  epithelium-cells  (fig.  519),    which   are  smooth 
externally    where   they    rest  against  the  choroid,  but  are  prolonged 
internally  into  fine  filaments  which  extend  between  the  rods.     The 
pigment-gran  111  es,  many  of  which  are  in  the  form  of  minute  crystals, 
lie  in  the  inner  part  of  the  cell,  and  after  prolonged  exposure  to  light  J 
they  are'  found  extending  along  the  cell-proceseea  between  the  rodi'l 
^Kiihne),  their  function  being  probably  connected  with  the  restoration  1 
of  the  purple  colouring  matter  which  has  been  bleached  by  the  light;  1 
This  extension  of  the  pigment  is  accompanied  by  a  shortening  of  th^'l 
cones  (Engelmann)  (fig.  520). 
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i^'ifo-eso/Jtfa/ier.— The  fibres  of  Muller  (fig.  516,  J,  and  fig.  521)  are 
long  stiff  cells  which  pass  through  several  of  the  retinal  layers. 
Commencing  at  the  inner  surface  of  the  retioa  by  expanded  bases 
which  unite  with  one  another  to  form  the  so-called  internal  limiting 
membrane  (fig.  522),  they  pass  through  all  the  layers  in  succession, 
until  they   reach   the  outer  granule  layer.     Here  they  branch  and 


Fio.  522.— Internal  li 

(G.  Retzius.) 

expand  into  a  sort  of  honeycomb  tissue  which  serves  to  support  the 
fibres  and  nuclei  of  the  rod-  and  cone-elements.  At  the  bases  of  the 
rods  and  cones,  this  sustentacular  tissue  ceases,  being  here  hounded  by 
a  distinct  margin  which  has  been  called  the  external  limiting  membrane 
(fig.  521,  m.l.e.),  but  delicate  sheaths  pass  from  it  around  the  bases  of 
the  rods  and  cones.  E^ch  Miillerian  fibre,  as  it  passes  through  the 
inner  granule  layer,  has  a  nucleated  enlargement  (V),  indicating  the 
cell-nature   of  the  fibre.     The  fibres  of  Miiller  represent   ependyma 
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celU  or  perhaps  long  neuroglia-cells  suck  as  are  found  in  some  parts 
of  the  nerve-centres,  e.g.  the  cerebellum  (see  fig.  479,  3P). 

There  are  two  parts  of  the  retina  which  call  for  special  description. 

The  macnla  latea  {7«Uow  spot),  with  its  central  fovea,  is  the  part 
of  the  retina  which  is  immediately  concerned  in  direct  vision.  It  is 
characterised  firstly  by  its  greater  thickness  (except  at  the  middle  of 
the  fovea),  secondly  by'  the  large  number  of  its  ganglion-cells,  which 
are  rounded  or  conical,  and  thirdly  by  the  large  number   of  cones 


it  contains  as  compared  with  the  rods.  In  the  central  fovea  itself 
(fig.  523)  there  are  no  rods,  and  the  cones  are  very  long  and 
slender,  measuring  not  more  than  2;u  in  diameter  ;  all  the  other  layers 
become  gradually  thinned  down  almost  to  complete  disappearance,  so 
that  the  middle  of  the  central  fovea  is  the  thinnest  part  of  the  retina. 
Since  there  are  few  rods,  the  outer  granule  layer  loses  in  great 
measure  its  appearance  of  being  composed  of  closely  packed  nuclei, 
and  the  cone-fibres  are  very  distinct,  forming  the  so-called  Jibrmis  layer. 
The  direction  of  these  fibres  is  for  the  most  part  very  oblique  in  this 
part  of  the  retina. 
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The  pigmentary  layer  is  thickened  over  the  fovea,  and  there  is  also 
a  thickening  in  the  choroid  coat  here,  due  to  a  large  accumulation  of 
capillary  vessels. 

The  pars  ciliaris  retinse,  which  commences  at  the  ora  serrataf  where 
the  retina  proper  abruptly  ends,  is  composed  of  two  epithelial  layers 
{fig.  624),  and  has  no  nervous  structures.  Of  the  two  layers,  the 
external  is  a  thick  stratum  of  pigmented  epithelium  formed  of  rounded 
cells  and  continuous  with  the  pigmentary  layer  of  the  retina  on  the 
one  hand,  and  with  the  uvea  of  the  iris  on  the  other ;  the  inner  is  a 
layer  of  columnar  cells,  each  containing  an  oval  nucleus.  They 
probably  represent  the  MuUerian  fibres  of  the  retina. 


Fig.  527.— Cells  of  vitreous.     (Schwalbe.) 
a,  d,  without  vacuoles  ;  b,  c,  6,  /,  g,  with  vacuoles. 

The  retina  contains  but  few  blood-vessels.  The  central  artery  enters 
and  the  vein  leaves  it  in  the  middle  of  the  optic  nerve.  The  larger 
vessels  ramify  in  the  nerve-fibre  layer,  and  there  are  capillary  net- 
works in  this  layer  and  in  the  inner  nuclear  layer.  There  are  peri- 
vascular (lymph)  spaces  around  the  veins  and  capillaries.  The  sensory 
epithelium  receives  no  blood-vessels,  but  is  nourished  from  the  vessels 
of  the  choroid. 

The  lens. — The  lens  is  a  laminated  fibrous  body  inclosed  by  a  trans- 
parent elastic  capsule  to  which,  around  the  circumference,  the  fibres  of 
the  suspensory  ligament  are  attached  (fig.  508).  Immediately  within  the 
<5apsule,  in  front  and  at  the  sides,  there  is  a  layer  of  cubical  epithelium 
termed  the  epithelium  of  the  capsule,  but  at  the  margin  of  the  lens 
the  cells  become  longer  and  pass  by  a  gradual  transition  into  the 
lens-fibres  (fig.  525).  The  fibres  which  compose  the  lens  are  long  and 
riband-shaped,  with  finely  serrated  edges  (fig.  626,  A) ;  in  transverse 

section  they  appear  prismatic  (b).     Many  of  the  superficial  fibres  are 

2g 
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I,  T^gment-calli ;  f,  columnir-ceU*. 
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FjG.    626.— Fibres 


A  longitudinal  view  of  the  fibres  of  the  lens  Irom 

veise  Bcctlon  of  the  flbtu  of  th/ieiie  fromXe 
h  iman  eje._  C,  longitudinal  view  of  a  few  of 
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The  pigmentary  layer  is  thickened  over  the  fovea,  and  there  is  also 
a  thickening  in  the  choroid  coat  here,  due  to  a  large  accumulation  of 
capillary  vessels. 

The  pars  ciliaris  retinsd,  which  commences  at  the  ora  serrata,  where 
the  retina  proper  abruptly  ends,  is  composed  of  two  epithelial  layers 
{fig.  624),  and  has  no  nervous  structures.  Of  the  two  layers,  the 
external  is  a  thick  stratum  of  pigmented  epithelium  formed  of  rounded 
cells  and  continuous  with  the  pigmentary  layer  of  the  retina  on  the 
one  hand,  and  with  the  uvea  of  the  iris  on  the  other ;  the  inner  is  a 
layer  of  columnar  cells,  each  containing  an  oval  nucleus.  They 
probably  represent  the  MuUerian  fibres  of  the  retina. 


Fig.  527.— Cells  of  vitreous.    (Schwalbe.) 
a,  d,  without  vacuoles  ;  6,  c,  e,  f,  g,  with  vacuoles. 

The  retina  contains  but  few  blood-vessels.  The  central  artery  enters 
and  the  vein  leaves  it  in  the  middle  of  the  optic  nerve.  The  larger 
vessels  ramify  in  the  nerve-fibre  layer,  and  there  are  capillary  net- 
works in  this  layer  and  in  the  inner  nuclear  layer.  There  are  peri- 
vascular (lymph)  spaces  around  the  veins  and  capillaries.  The  sensory 
epithelium  receives  no  blood-vessels,  but  is  nourished  from  the  vessels 
of  the  choroid. 

The  lens. — The  lens  is  a  laminated  fibrous  body  inclosed  by  a  trans- 
parent elastic  capsule  to  which,  around  the  circumference,  the  fibres  of 
the  suspensory  ligament  are  attached  (fig.  508).  Immediately  within  the 
eapsule,  in  front  and  at  the  sides,  there  is  a  layer  of  cubical  epithelium 
termed  the  epithelium  of  the  capsule,  but  at  the  margin  of  the  lens 
the  cells  become  longer  and  pass  by  a  gradual  transition  into  the 
lens-fibres  (fig.  525).  The  fibres  which  compose  the  lens  are  long  and 
riband-shaped,  with  finely  serrated  edges  (fig.  626,  A);  in  transverse 

section  they  appear  prismatic  (b).     Many  of  the  superficial  fibres  are 
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The  pigmentary  layer  is  thickened  over  the  fovea,  and  there  is  also 
a  thickening  in  the  choroid  coat  here,  due  to  a  large  accumulation  of 
capillary  vessels. 

The  pars  cHiaris  retinse,  which  commences  at  the  ora  serrata,  where 
the  retina  proper  abruptly  ends,  is  composed  of  two  epithelial  layers 
{fig.  624),  and  has  no  nervous  structures.  Of  the  two  layers,  the 
external  is  a  thick  stratum  of  pigmented  epithelium  formed  of  rounded 
cells  and  continuous  with  the  pigmentary  layer  of  the  retina  on  the 
one  hand,  and  with  the  uvea  of  the  iris  on  the  other ;  the  inner  is  a 
layer  of  columnar  cells,  each  containing  an  oval  nucleus.  They 
probably  represent  the  Mullerian  fibres  of  the  retina. 


Fig.  527.— Cells  of  vitreous.    (Schwalbe.) 
a,  d,  without  vacuoles  ;  b,  c,  e,  /,  g,  with  vacuoles. 

The  retina  contains  but  few  blood-vessels.  The  central  artery  enters 
and  the  vein  leaves  it  in  the  middle  of  the  optic  nerve.  The  larger 
vessels  ramify  in  the  nerve-fibre  layer,  and  there  are  capillary  net- 
works in  this  layer  and  in  the  inner  nuclear  layer.  There  are  peri- 
vascular (lymph)  spaces  around  the  veins  and  capillaries.  The  sensory 
epithelium  receives  no  blood-vessels,  but  is  nourished  from  the  vessels 
of  the  choroid. 

The  lens. — The  lens  is  a  laminated  fibrous  body  inclosed  by  a  trans- 
parent elastic  capsule  to  which,  around  the  circumference,  the  fibres  of 
the  suspensory  ligament  are  attached  (fig.  508).  Immediately  within  the 
eapsule,  in  front  and  at  the  sides,  there  is  a  layer  of  cubical  epithelium 
termed  the  epithelium  of  the  capsule,  but  at  the  margin  of  the  lens 
the  cells  become  longer  and  pass  by  a  gradual  transition  into  the 
lens-fibres  (fig.  525).  The  fibres  which  compose  the  lens  are  long  and 
riband-shaped,  with  finely  serrated  edges  (fig.  626,  A) ;  in  transverse 

section  they  appear  prismatic  (b).     Many  of  the  superficial  fibres  are 
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The  pigmODtary  layer  is  thickened  over  the  fovea,  and  there  is  also 
a  thickening  in  the  choroid  coat  here,  due  to  a  large  accumulation  of 
capillary  vessels. 

The  pars  ciliaris  retinse,  which  commences  at  the  ora  serrata,  where 
the  retina  proper  abruptly  ends,  is  composed  of  two  epithelial  layers 
{fig.  524),  and  has  no  nervous  structures.  Of  the  two  layers,  the 
external  is  a  thick  stratum  of  pigmented  epithelium  formed  of  rounded 
cells  and  continuous  with  the  pigmentary  layer  of  the  retina  on  the 
one  hand,  and  with  the  uvea  of  the  iris  on  the  other ;  the  inner  is  a 
layer  of  columnar  cells,  each  containing  an  oval  nucleus.  They 
probably  represent  the  Mullerian  fibres  of  the  retina. 


Fig.  527.— Cells  of  vitreous.     (Schwalbe.) 
a,  d,  without  vacuoles  ;  6,  c,  «,  /,  g,  with  vacuoles. 

The  retina  contains  but  few  blood-vessels.  The  central  artery  enters 
and  the  vein  leaves  it  in  the  middle  of  the  optic  nerve.  The  larger 
vessels  ramify  in  the  nerve-fibre  layer,  and  there  are  capillary  net- 
works in  this  layer  and  in  the  inner  nuclear  layer.  There  are  peri- 
vascular (lymph)  spaces  around  the  veins  and  capillaries.  The  sensory 
epithelium  receives  no  blood-vessels,  but  is  nourished  from  the  vessels 
of  the  choroid. 

The  lens. — The  lens  is  a  laminated  fibrous  body  inclosed  by  a  trans- 
parent elastic  capsule  to  which,  around  the  circumference,  the  fibres  of 
the  suspensory  ligament  are  attached  (fig.  508).  Immediately  within  the 
<5apsule,  in  front  and  at  the  sides,  there  is  a  layer  of  cubical  epithelium 
termed  the  epithelium  of  the  capsule,  but  at  the  margin  of  the  lens 
the  cells  become  longer  and  pass  by  a  gradual  transition  into  the 
lens-fibres  (fig.  525).  The  fibres  which  compose  the  lens  are  long  and 
riband-shaped,  with  finely  serrated  edges  (fig.  526,  A);  in  transverse 

section  they  appear  prismatic  (b).     Many  of  the  superficial  fibres  are 
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nucleated  (c),  the  lens-fibres  having  originally  been  developed  by  the 
elongation  of  epithelium-cells. 

The  vitreous  humour. — This  is  composed  of  soft  gelatinous  tissue, 
apparently  structureless  when  examined  in  the  fresh  condition,  but 
containing  fibres  and  a  few  scattered  cells,  the  processes  of  which  are 
ofben  long  and  varicose,  and  the  cell-bodies  distended  by  large  vacuoles 
(fig.  527).  The  hyaloid  membrane,  which  invests  the  vitreous  humour, 
is  homogeneous  and  structureless  except  in  the  region  of  the  ciliary 
processes,  where  it  is  fibrous  in  structure,  forming  the  zonule  of  Zinn 
and  spreading  out  into  the  suspensory  ligament  of  the  lens  (fig.  508). 
This  part  of  the  hyaloid  membrane  is  connected  with  a  circular 
fibrous  portion  of  the  vitreous  humour  which  serves  to  give  addi- 
tional firmness  to  the  attachment  of  the  fibres  of  the  suspensory 
ligament  of  the  lens  (Anderson  Stuart). 
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LESSON  XLIX. 

STRUCTURE  OF  THE  OLFACTORY  MUCOUS  MEMBRANE 

AND  OF  THE  EXTERNAL  AND  MIDDLE  EAR.  ^H 

1.  Ykktical  sections  of  the  nasal  mucous  uetnbranti.      The  aeetions  mBJ^^^f 
be  carried  either  across  the  upper  turbioate  hooe,  after  dacslcifi cation  or  '^H 
across  the  upper  part  of  tlie  nasal  septuoi.     Make  a  sketch  under  the  low 
power.     Notiiie  the  difference  in   the  character  of   the  epithelium  in   the 
olfactory  and  reapiratory  parts  of  the  membrane. 

2.  Teased  preparation  of  the  epithelium  of  the  olfactory  mucous  membrane. 
A  piece  of  the  membrane  ia  placed  quite  fresh  in  osmic  acid  (1  per  cent.)  for 
a  few  hours,  and  is  then  macerated  for  two  days  or  more  in  water.  The 
epithelium  is  broken  up  in  dilute  glycerine  ;  the  cells  easily  separate  from 
one  another  on  tapping  the  cover-glass.  Notice  the  two  kinds  of  cells. 
Sketch  some  of  the  cells  under  a  high  power.' 

3.  Sectioua  of  the  external  ear  (these  have  been  already  studied  for  the 
cartilage,  Lesson  XII.), 

4.  Sections  across  the  cartilaginous  part  of  the  Eustachian  tube.  Sketch 
under  the  low  power. 

5.  Preparation  of  the  membrana  tympani.  A  piece  of  the  membrane, 
stained  with  magenta  and  gentian  violet  (see  Lesson  IX.,  ^  2),  is  mounted 
flat  in  xylol  balsam  or  danimai'. 

Determine  the  composition  of  the  membrane — i.e.  the  several  layers  com- 
poeing  it — by  focussing  carefully  with  the  high  power. 


THE  OLFACTORY    MUCOUS   MEMBRANE. 

The  olfactory  region  of  the  nasal  fossre  includes  the  upper  and 
middle  turbinate  processes  and  the  upper  third  of  the  septum.  It 
IB  covered  by  a  soft  vascular  mucous  membrane  of  a  yellow  colour 

The  epilheliiim  of  the  olfactory  mucous  membrane  (figs.  528,  529)  is 
very  tbick  and  is  composed  of  long  cells,  set  closely  side  by  side  and 
bounded  superficially  by  a  cuticular  lamina,  through  wbieh  the  free 
ends  of  the  cells  project.  The  cells  are  of  two  kinds:  1.  Long 
narrow  spindle-shaped  or  bipolar  nerve-cells  consistitig  of  a  larger  part 
or  body  (6),  containing  the  nucleus,  and  of  two  processes  or  poles,  one 

(c)  straight  and  cylindrical  and  extending  to  the  free  surface,  the  other 

(d)  very  delicate  and  varicose,  looking  not  unlike  a  nerve-iihril  and 


mbrytiB,  the  method  of  Golgi  being  ei 


i 


468  THE  ESSENTIALS  OF  HISTOLOGY. 

extending  down  towards  the  coriutn.  The  position  of  the  nuclear 
enlargement  varies,  and  with  it  the  relative  length  of  the  two  proceeaes. 
The  dietal  or  &ee  process  terminates  in  a  small  clear  projection,  which 
passes  beyond  the  cuticular  membrane ;  in  amphibia,  reptiles,  and 
birds,  and  perhaps  also  in  mammals,  it  bears  fine  stiff  hairlike  fila- 
ments. The  proximal  or  varicose  process  becomes  lost  amongst  the 
plexus  of  oUactory  nerve-fibres  at  the  base  of  the  epithelium ;  it  is 
connected  with  one  of  these  fibres,  and  ultimately  passes  through  the 
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cribriform  plate  of  the  ethmoid  to  end  in  an  arborisation  within  one  of 
the  olfactory  glomeruli  {see  diagram,  fig.  495,  p.  438).  These  cells 
have  been  termed  the  olfactory  ceUs.  2.  Long  columnar  epithelium  cells 
(ii),  with  comparatively  broad  cylindrical  nucleated  cell-bodies  placed 
next  to  the  free  surface,  and  long,  forked,  and  branching  tail-like  pro- 
cesses extending  down  to  the  corium.  These  are  regarded  not  as 
sensory  epithelium -cells,  but  merely  as  serving  to  support  the  proper 
olfactory  cells.  They  are  the  columnar  or  sustenlacular  ceils.  3.  Taper- 
ing cells  are  present,  at  least  in  some  animals,  in  the  deeper  pari)  of  the 
epithelium.  They  rest  by  their  bases  upon  the  corium,  and  project 
between  the  other  cells,  which  they  assist  to  support. 
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The  eori'um  of  the  olfactory  mucous  membrane  is  aUo  very  ibick 
(fig.  529).  It  contains  numerous  blood-veaaelB,  bundles  of  the  olfactory 
nerve-fibres  (which  are  non-meduUated),  and  a  large  number  of  aerous 
glands  known  as  Bowman's  glands  {h),  which  open  upon  the  aorface  by 
ducts  \  hich  pasa  between  the  epitholium-cella. 


I 
I 
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THE   EXTERNAL   AND   MIDDLE    EAR. 

The  external  ear  proper  {.phrna)  is  composed  of  elastic  fibro-cartilage, 
invested  by  a,  thin  closely  adherent  skin.  The  ekin  is  covered  by 
small  hairs,  and  connected  with  these  are  the  usual  sebaceous  follicles. 
lu  the  lobule  there  is  a  considerable  amount  of  adipose  tissue ;  and 
voluntary  muscular  fibres  are  in  places  attached  to  the  cartilage  of  the 
pinna,  and  are  seen  in  sections. 

The  external  auditory  meatus  is  a  canal  formed  partly  of  cartilage 
continuous  with  that  of  the  pinna,  partly  of  bone.  It  is  lined  by  a 
prolongation  of  the  akin  and  is  closed  by  the  membrana  tympani, 
over  which  the  skin  ia  prolonged  as  a  very  thin  layer.  Near  the 
orifice  the  skin  has  hairs  and  sebaceous  glands,  and  the  meatus  is 
also  provided  throiighout  the  cartilaginous  part  with  small  convoluted 
tubular  glands  of  a  brownish-yellow  colour,  which  yield  a  waxy 
■ecretion  {cefniminous  glands).  They  appear  to  represent  modified 
sweat-glands.     They  are  represented  in  fig.  530. 

The  tympanum  is  lined  by  a  mucous  membrane  which  is  continuous 
through  the  Eustachian  tube  with  the  mucous  membrane  of  the 
pharynx ;  it  is  also  prolonged  into  the  mastoid  cells.     The  epithelium 
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is  columnar  and  ciliated  in  soma  parte,  but  in  others — e.g.  roo^ 
promontory,  ossicles,  and  membrana  tympani— it  is  a  pavement- 
epithelium. 

The  membrana  tympani  is  a  thin  membrane  formed  of  fibrous 
bundles  which  radiate  from  a  central  depression  (umbo).  Within 
the  radial  fibres  are  a  few  annular   bundles.      Covering   the    fibrous 


/. 


(GrUber.) 


membrane  externally  is  a  thin  layer  continuoua  with  the  skin  of  the 
meatus  ;  covering  it  internally  is  another  thin  layer  derived  from  the 
mucous  membrane  of  the  tympanic  cavity  Eloud-vessels  and  lym- 
phatics are  di&tnbuted  to  the  membrane  chiefly  in  the  cutaneous  and 

The  Enstactaian  tube  is  the  canal  leading  from  the  tympanum  to 
the  pharynx      It  is  formed  of  hone  near  the  tympanum,  but  below, 
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near  the  pharynx   it  is  bom  ded  partly  by  a  bent  piece  of  cartilage 
(fig.  531,  1,  2)  partly  by  fibrouH  tissue      The  latter  contains  numerous 


mucous  glands  (6,  7),  which  open  into  the  tube,  and  on  the  outer  side 
a  band  of  muscular  tissue  (3)  which  joins  the  tensor  palati.  The 
epithelium  is  ciliated. 
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LESSON  L. 

THE  INTERNAL  EAR, 

1.  Sections  across  one  of  the  membranous  semicircular  canals  of  a  fish 
(skate). 

2.  Longitudinal  sections  through  the  ampulla  of  a  semicircular  caiial 
(skate). 

1  and  2  may  be  hardened  in  chromic  and  osmic  acid  (see  below  under  5) 
and  embedded  in  celloidin. 

The  semicircular  canals  and  their  ampullae  may  also  be  seen  cut  across  in 
sections  of  the  petrosal  of  the  guinea-pig  or  other  mammal. 

3.  Golgi  preparations  of  the  macula  of  the  utricle  from  the  skate. 

4.  Teased  preparations  of  the  auditory  epithelium  of  an  ampulla  or  of  the 
macula  of  the  utricle,  from  the  skate. 

5.  Vertical  sections  through  the  middle  of  the  cochlea  of  a  mammal 
(guinea-pig). 

The  cochlea  is  put  quite  fresh  into  0*2  per  cent,  chromic  acid  containing 
one-fifth  its  volume  of  1  per  cent,  osmic  acid,  or  into  Flemming's  solution, 
or  10  per  cent,  formol.  The  decalcification  can  be  effected  by  the  use  of  the 
phloroglucin-nitric  acid  fluid,  or  by  sulphurous  acid.^  When  decalcified,  the 
preparation  is  well  washed,  and  then  transferred  to  alcohols  of  gradually 
increasing  strength. 

In  preparing  sections  of  the  above  three  preparations  it  is  advisable,  in 
order  that  the  epithelium  should  be  kept  in  position,  to  embed  in  celloidin. 
If  the  paraffin  method  of  embedding  be  used,  the  sections  are  fixed  to  the 
slide  by  an  adhesive  process.  The  organ  should  preferably  be  stained  in 
bulk. 

6.  Teased  preparations  of  the  epithelium  of  the  organ  of  Corti  from  the 
guinea-pig. 

Both  4  and  6  are  made  from  osmic  preparations. 

Make  sketches  from  all  these  preparations  under  the  high  power.^ 


The  labyrinth,  which  is  the  essential  part  of  the  auditory  organ,, 
consists  of  a  complex  membranous  tube  lined  by  epithelium  and  filled 
with  endolyraph,  contained  within  a  bony  tube — the  osseous  labyrinth 
— of  corresponding  complexity  of  shape  (figs.  532,  533).  The  mem- 
branous labyrinth  does  not  wholly  fill  the  bony  cavity ;  the  rest  of  the 
space  is  occupied  by  perilymph.  The  membranous  labyrinth  (fig.  532) 
is  composed  of  the  utricle  (u),  and  the  three  semicircular  canals  (each 

^  See  Appendix. 

'^  For  details  of  the  methods  of  obtaining  the  various  parts  of  the  labyrinth  for 
microscopical  examination,   the  student  is  referred  to  the  author's   Course  of 
Practical  Histology. 


THE  LABYRINTH. 

with  an  enlai^ement  or  ampulla  which  opens  into  it),  the  saccule  (s),  and 
the  eatial  of  the  cochlea  (c.c). 

The  branches  of  the  auditory  nerve  pass  to  certain  parts  only  of  the 
membranous  labyrinth,  viz.  the  maculfe  of  the  utricle  and  saccule,  the 
criatie  of  the  ampulla;,  and  along  the  whole  length  of  the  canat  of 
the  cochlea  (the  shaded  parts  in  fig.  533). 

At  these  places  the  lining  epithelium  is  specially  modified  to  form  a 
Benaory  or  nerve-epithelium  ;  elsewhere  it  is  a  simple  pavement- 
epithelium. 

The  membranous  semicircular  cajials  and  the  utricle  and  saccule 
are  composed  of  fibrous  tissue,  which  ia  adherent  along  one  side  to  thft 
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endoateum  of  the  bony  canal  ;  from  the  opposite  side  bands  of  fibroua 
dsBue  pass  across  the  perilymph  (fig.  534).  Within  the  fibrous  mem- 
brane is  a  thick  clear  tunica  propria,  which,  in  the  semicircular  canals, 
may  form  papilliform  elevations  in  the  interior  of  the  tube  (fig.  535). 

The  places  of  entrance  of  the  nerve-fibres  are  marked  in  each 
ampulla  by  a  transverse,  inwardly  projecting  ridge  (crista),  in  the 
saccule  and  utricle  by  a  thickening  of  the  tunica  propria  (mocu&i). 
The  epithelium  at  these  places  is  formed  of  columnar  cells  (fig.  536), 
irhich  are  surmounted  by  long,  stiff,  tapering  hairs  {awlitory  hairs, 
fig.  536,  A).  Around  these  hair-cells  the  axis-cylinders  of  the  nen'e- 
fibrea  ramify  (fig.  538) ;  they  are  therefore^likc  the  gustatory  cells  of 
the  taste-buda^sensory  epithelium  cells.     Between  them  are  a  number 
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of  thin  and  somewhat  rigid  nucleated  celia  (JUtre-cdh  of  Retziue),  which 
rest  upon  the  basement-membrano,  and  are  connected  at  their  free 
extremity  with  a  euticular  membrane,  through  which  the  auditory 
hairs  project. 

The  auditory  hairs  do  not  jut  freely  into  the  endolymph,  but  into  a 
soft  mucua-like  substance,  of  a  dome-like  form  in  the  ampulla  {eupvla 


ierminalii,  fig.  536),  and  which  in  the  aaecule  and  utricle  has 
calcareous  particles  {otoliths)  embedded  in  it. 

The  cochlea  consists  of  a  bony  tube  coiled  spirally  arou 


Fig,  635.— SGOnOM  or  hxubrAmohh  BEHicmcuLAit  canal      (Kiidinger.) 

(More  magnified  ) 

.  outer  ebrmu  Ujer,  ^  Cuniia  prujirln,  i,  B,  paplUlform  prdjeotloni  with  epltfaeltal 

cavsiing ;  5,  fixed  side  ot  the  canal)  with  very  tbtn  tunin  propria  without  papills ; 

7,  fibrous  banda  pausing  to  periosteum. 


I 


Fio.  536.— Longitudinal  brotion  or  ah  ampulla  i 

ACUSTICA  {niAQRAMMATIC), 

tiaaue  uttsqhed  to  the  wall  of  tbe  membraniiue  aoiinilk  and  CraTeniug  the  perilymph  1 
I,  I.  Hritteiied  epttbelluu  ol  tinpulla ;  h,  auditory ^In  proJeDtla^  from  the  CDLumnar 
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I  which  is  known  as  the  oAumella  (fig.  S39,  540).     The  tube  is  divided 

I  longitudiiialiy  by  a  paititioii  which  is  formed  partly  by  a  projecting 

I  himina  of  bone   {spiral  lamijia),    partly  by  a   flat  membrane  {basilar 


(Sobolta.)     X  130. 


Fig.  53S.— Nebtk 


{Barker,  from  Loiihosaek. 


menibraiie),  into  two  parts  or  sadix ;  the  upper  (supposing  the  cochlea 
resting  base  downwards)  being  termed  the  scala  vesiibvli,  the  lower  saiia 
ti/mpani ;  the  latter  is  closed  near  its  larger  end  by  the  membrane  of 
the  fenestra  rotunda.  The  scalfe  are  lined  by  endosteum,  and  are 
filled  with  perilymph,  continnous  with  that  of  the  rest  of  the  osseous 
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labyrinth  at  the  commencement  of  the  scala  vestibuli ;  they  c 
cate  at  the  apex  by  an  opening,  the  heUcolreirm. 

The  scala  ve-stibuli  does  not  occupy  the  whole  of  that  part  of  the 
bony  tube  of  the  cochlea  which  is  above  the  partition.     Its  outer  and 


lower  third  is  cut  off  by  a  delicate  connective-tissue 
(membrane  of  Reissner,  fig.  541,  R),  which  springs  from  near  the  end 
of  the  spiral  lamina,  and  passes  upwards  and  outwards  to  the  outer 
wall,  thus  separating,  a  canal  (d.e.)  triangular  in  section,  which  is 
lined  by  epithelium,  and  represents  the  membranous  labyrinth  of  the 
cochlea  {tbid  or  easial  of  the  cochlea). 
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eatui  4^       aaia    nutabratu  of  fftm- 


FlQ.  541.— Vertical 


n,  Derve-fibres ;  Lsp,  spiral  h| 
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Canal  of  the  cochlea.— The  floor  of  the  canal  of  the  cochlea  is  formed 
(1}  of  the  extremity  of  the  spiral  lamina,  which  is  thickened  above  by 
a  peculiar  kind  of  connective  tissue,  forming  an  overhanging  projection 
known  as  the  limhui  (fig.  541,?);  and  (2)  of  the  basilar  membrane  (fi.m.}, 
which  Htretches  across  from  the  end  of  the  bony  lamina  to  the  outer 
wall,  and  ia  attached  to  this  by  a  projection  of  reticular  connective 
tissue  termed  the  spiral  ligamaU  {l.sj 


fbr,.. 

™* 

«d.       ™«Ht™« 

"" 

Sw' 

Fig.  543 

Sect: 

(G    REtaus 

B  ght;  magti 

eT)^ 

'"•'^ 

The  6aiJu  ?  enibrai  a  composed  of  9t  fl  straight  hbres  which  exte  d 
from  within  out  »nd  are  embedded  in  a  homogeneo  ii  substa  ce  The 
membrane  is  c  vered  belo  *  by  a  laj  ar  of  conuei-t  \  e  t  asue  cot  tmuoua 
with  the  eudosteum  of  the  scala  tyrapani  above  the  modified  epi 
thelium  which  forms  the  organ  oj  I  orh  rests  upon  it  It  becomes 
gradually  Vroider  n  the  upf  er  turns  of  the  cochlea  (rather  more  than 
twice  as  broad  in  the  ippermost  as  iti  the  lowermost  lurn)  ai  d  its 
constituent  "fil  res  become  therefore  gfdduallj    lot  {^er 
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The  orgui  of  Oorti  coneistB  of  the  following  Blructurea : 
1.  The  rods  of  Corli,  two  aoriea  (ioner  and  outer)  of  stiff,  striated 
structures,  of  a  peculiar  shape,  the  inner  somewhat  like  a  human  ulna, 
the  outer  like  a  swan's  head  and  neck  (fig.  542).  They  rest  by  one 
extremity  (the  foot)  on  the  hasilar  membrane  a  short  distance  apart, 
and  are  inclined  towards  one  another,  their  larger  ends  (heads)  being 
jointed  together ;  the  series  of  rods  thus  enclose  a  sort  of  tunnel,  the 
floor  of  which  is  formed  by  a  part  of  the  basilar  membrane  (fig,  544), 
Close  to  their  feet  may  usually  be  seen  the  remains  of  the  cells  from 
which  they  have  been   formed.     The  inner  rods  arc  narrower  and 


Fro.   544.— Semi- 

magDified. ) 


ol  phalauges,  Ihe  lunlna 


rather  more  numerous  than  the  outer.  The  head  of  each  outer  rod 
has  a  process  which  extends  outwards  and  is  known  as  the  phalangeal 
process.     This  forms  part  of— 

2.  A  reticular  hrnina  (fig.  544,  l.r.),  which  is  a  cuticular  structure 
extending  like  a  wire-net  over  the  outer  epithelium-cells  of  the  organ 
of  Corti,  and  is  composed  of  two  or  three  series  of  stiff  fiddle-shaped 
rings  (j)kalanges)  cemented  together  in  such  a  manner  as  to  leave 
square  or  oblong  apertures  through  which  the  hair-cells  (see  below) 
project. 

3,  The  ouler  hair-cells  placed  external  to  the  rods  of  Corti.  These 
are  epithelium-cells  of  columnar  shape,  arranged  in  three  or  four  series 
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(fig.  543)  The  free  extremity  of  the  cell  is  surmounted]  by  a  bundle 
of  short  avditcry  haws,  and  projects  through  one  of  the  aperturea  in 
the  reticular  lamina,  the  fixed  extremity  is  prolonged  into  a  stiff 
CUticular  proteaa,  which  ib  attached  to  the  basilar  membrane.  Between 
them  are  other  supporting  cells  which  are  tapered  in  the  same  manner, 
but  rest  by  their  larger  end  upon  the  basilar  membrane,  and  are 
prolonged  above  into  a  cuticular  process  which  is  attached  to  the 
reticular  lamina  {cells  of  Detieri,  figs.  543,  545). 

4.  The  mntr  hcar-celU  (fig  543),  placed  internal  to  the  rods  of  Corti. 
They  form  a  single  series  of  columnar  cells  surmounted  by  auditory 
haira,  lying  in  close  apposition  to  the  inner  rods. 


Fio    648 

.     (After  G.  Retiiua.) 


FiQ.  546.— General 


The  remaining  epithelium-cells  have  no  important  characteristics. 
They  are  long  and  columnar  next  to  the  outer  hair-cells,  but  soon 
diminish  in  size,  becoming  cubical,  and  in  this  form  they  are  con- 
tinued over  the  outer  wall  of  the  cochlear  canal.  Here  they  cover 
a  very  vascular  membrane  {stria  vascularis,  fig.  541,  slr.v.),  which  is 
frequently  pigmented ;  its  capillary  blood-vessels  penetrate  between 
the  epithelium-cells.  Internal  to  the  inner  hair-cells  the  epithelium 
also  soon  becomes  cubical ;  it  is  prolonged  in  this  form  over  the  limbiis 
of  the  spiral  lamina.  The  epithelium  of  Reissner's  membrane  is  of 
the   pavement  variety. 
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The  membrana  tectmia  (figs.  541,  543)  is  a  soft,  fibrillated  structure, 
which  is  attached  along  the  upper  surface  of  the  limbus,  and  lies 
like  a  pad  over  the  organ  of  Corti.  It  thins  out  towards  the  distal 
margin,  here  becoming  somewhat  reticular,  and,  according  to  Retzius, 


Fig.  547.— Ending  of  some  op  the  fibres  of  the  cochlear  nerve  amongst 

THE  hair-cells,    (G.  Retzius.) 

This  preparation  is  made  by  Golgi's  method,  and  is  viewed  from  above,    g,  a  cell 

belonging  to  the  spiral  ganglion. 


it  is  attached  to  the  lamina  reticularis.  In  sections  it  usually  appears 
raised  a  short  distance  above  the  auditory  hairs,  but  it  is  probable 
that  it  always  rests  upon  them  during  life. 

The  fibres  of  the  cochlear  branch  of  the  auditory  nerve  enter  the 
base  of  the  columella,  and  run  in  canals  through  its  substance  (figs. 
539,  540),  being  gradually  deflected  outwards  as  they  pass  upwards 
into  the  spiral  lamina,  at  the  base  of  which  they  swell  out  into  a 
ganglionic  cord  (spiral  ganglion).  The  fibres  take  origin  from  the  cells 
of  this  ganglion. 
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After  traversing  the  spiral  lamina  they  emerge  in  bundles,  and 
the  fibres  then,  having  lost  their  medullary  sheath,  pass  into  the 
epithelium  of  the  inner  hair-cell  region.  Here  some  of  them  course  at 
right  angles  and  are  directly  applied  to  the  inner  hair-cells,  whilst 
others  cross  the  tunnel  of  Corti,  to  become  applied  in  like  manner 
to  the  outer  hair-cells  and  the  cells  of  Deiters  (figs.  543,  646).  They 
apparently  lie  between  and  in  close  contact  with  these  cells,  but  there 
does  not  appear  to  be  any  direct  continuity  between  the  nerve-fibrils 
and  the  cell-substance. 
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APPENDIX. 


Mounting  solutions  :— 1.  Normal  saline  solutimu— A.  0*6  to  0*9  per  cent, 
solution  of  ccnimon  salt  is  used  in  place  of  serum  for  mounting  fresh 
tissues  for  immediate  examination.  Tbe  lower  percentage  is  used  for 
frog's  tissues,  the  higher  for  mamnials\  Preparations  mounted  in  salt 
solution  cannot  be  preserved  permanently. 

2.  Glycerine,  diluted  with  an  equal  quantity  of  water.  The  cover-glass 
may  be  fixed  by  gold  size. 

3.  Canada  balsam,  from  which  the  volatile  oils  have  been  driven  off  by 
heat,  dissolved  in  xylol. 

4.  Dammar  tatmish,  made  by  dissolving  dammar  resin  in  xylol.  T  he 
solution  is  filtered  through  paper  wetted  with  chloroform.  This  is  used  for 
the  same  purposes  as  xylol  balsam  and  has  the  advantage  of  remaining 
colourless,  whereas  Canada  balsam  becomes  yellow  after  long  keeping. 

5.  Acetate  of  potassium,  a  nearly  saturated  solution.  This  is  the  best 
medium  for  osmic  preparations  and  for  iodine-stained  liver,  to  show 
glycogen  within  the  cells.  The  cover-glass  may  be  fixed  by  soluble  glass 
or  by  gold  size. 

General  methods  of  preserving  and  hardening  tissues  and  organs.^-^ 

The  following  fluids  may  be  used  : — Alcohol  (75  per  cent,  to  absolute)  ; 
acetone  ;  Carnoy's  fluid  (absolute  alcohol  60  c.c,  chlorofoim  30  c.c,  glacial 
acetic  acid  10  c.c.) ;  formol  (diluted  with  from  9  to  99  parts  of  water)  ; 
corrosive  sublimate  (saturated  solution  in  water  or  spirit) ;  chromic  acid 
solution  (1  in  200  to  1  in  500,  to  which  glacial  acetic  acid  may  advantageously 
be  added  in  the  proportion  of  2  parts  acetic  acid  to  1000  chromic  solution) ; 
picric  acid  solution  (saturated,  either  alone  or  containing  2  parts  of  nitric  or 
sulphuric  acid  to  1000)  ;  Mann's  fluid  (a  mixture  of  equal  parts  of  saturated 
aqueous  solutions  of  mercuric  chloride  and  picric  acid)  ;  osmic  acid  solution 
(1  per  cent.) ;  bichromate  of  potassium  solution  (3  per  cent.),  to  which  for 
more  rapid  hardening  glacial  acetic  acid  may  be  added  to  the  extent  of  5  per 
cent,  or  less  ;  Miiller's  fluid  (bichromate  of  potash  2^  parts,  sulphate  of  soda 
1  part,  water  100  parts)  ;  Zenker's  fluid  (which  is  Miiller's  fluid  containing 
5  parts  per  cent,  of  mercuric  chloride,  to  which  5  c.c.  of  acetic  acid  is  added 
at  the  time  of  using);  and  mixtures  of  Miiller's  fluid  and  osmic  acid  1  per 
cent,  in  varying  proportions. 

1  Details  of  the  methods  of  preparing  fixing  and  staining  solutions  as  well  as  a 
discussion  of  the  theory  of  their  action  will  be  found  in  Mann's  Physiological  Histology, 
Oxford,  1902. 
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It  is  best,  if  possible,  to  inject  the  fluid  used  for  hardening  into  the  blood- 
vessels after  washing  them  out  with  warm  normal  saline;  if  this  is  not 
possible,  very  small  pieces  of  tissue  should  be  taken,  and  always  a  consider- 
able amount  of  the  hardening  fluid. 

The  fluid  of  most  universal  application  is  formol.  This  is  a  40  per  cent, 
solution  of  formaldehyde.  Mixed  in  the  proportion  of  10  parts  formol  to 
90  water,  it  penetrates  readily  and  hardens  quickly.  The  tissue  may  remain 
in  formol  a  few  days  and  should  then  be  transferred  to  alcohol.  For  rapid 
fixation  a  very  small  piece  of  the  tissue  is  placed  in  10  per  cent,  formol 
and  warmed  to  a  temperature  of  about  40**  or  50° ;  it  will  be  suflBiciently 
hardened  in  half  an  hour,  and  may  then  be  transferred  first  to  weak  and 
then  gradually  to  absolute  alcohol,  so  that  it  is  ready  for  the  preparation  of 
sections  in  about  an  hour. 

Pure  acetone  is  also  of  utility  for  rapid  fixation  and  hardening.  Small 
pieces  of  the  tissue  are  dropped  into  a  large  amount  of  acetone,  which  not 
only  fixes  and  hardens  but  also  dehydrates,  so  that  the  tissue  can  be  trans- 
ferred in  an  hour  or  so  direct  to  molten  paraffin  for  embedding.  But  much 
better  results  are  got  by  placing  in  10  per  cent,  formol  for  thirty  minutes 
before  transferring  to  acetone. 

For  preserving  the  structure  of  cells  and  nuclei,  one  of  the  best  fixing 
fluids  is  that  recommended  by  Flemming.  This  consists  of  15  vols,  of  1  per 
cent,  chromic  acid,  4  vols,  of  2  per  cent,  osmic  acid,  and  1  vol.  glacial  acetic 
acid.  It  must  be  freshly  prepared.  It  is  sometimes  diluted  with  from  two 
to  five  times  its  bulk  of  water  before  use.  One  or  two  days  is  sufficient  for 
fixation  and  hardening.  The  tissue  should  be  washed  for  several  hours  in 
running  water  after  removal  from  the  mixture,  and  then  placed  in  dilute 
alcohol.  Carney's  fluid  is  in  many  cases  excellent  for  cell-structure  and 
mitotic  changes,  and  very  rapid  in  its  action. 

Tissues  to  be  hardened  in  alcohol  are  usually  placed  at  once  in  absolute 
alcohol,  but  for  some  tissues  it  is  best  to  begin  with  50  per  cent,  alcohol, 
and  pass  the  pieces  through  successive  grades  of  75  per  cent.,  95  per  cent., 
into  absolute  alcohol,  leaving  them  a  few  hours  in  each.  They  are  ready  for  ^ 
cutting  as  soon  as  they  are  dehydrated,  but  as  a  rule  they  may  be  left 
a  long  time  in  alcohol  without  deterioration.  Organs  which  contain  much 
fibrous  tissue,  such  as  the  skin  and  tendons,  should  not  go  into  stronger 
alcohol  than  about  80  or  90  per  cent.  ;  otherwise  they  become  too  hard 
to  cut.  Alcohol  is  generally  used  after  the  other  fixing  reagents,  partly 
to  complete  the  hardening,  partly  on  account  of  its  dehydrating  property, 
since  previous  to  embedding  in  paraffin  all  trace  of  water  must  be  eliminated 
from  the  tissue.  If  mercuric  chloride  be  used  for  hardening,  tincture  of 
iodine  must  be  added  to  the  alcohols  subsequently  used  (except  the  final 
alcohol),  to  get  rid  of  the  excess  of  sublimate.  Mercuric  chloride  in  alcohol 
(saturated  solution)  is  one  of  the  most  rapid  fixing  and  hardening  reagents, 
and  may  be  used  if  sections  are  desired  within  a  very  short  time.  It  can  also 
be  used  in  place  of  alcohol  and  ether  mixture  for  fixing  blood  films  (Lesson  II., 
^  5),  in  which  case  it  may  be  saturated  with  eosin,  and  used  for  fixing  and 
staining  at  the  same  time.     An  immersion  of  5  minutes  is  sufficient. 
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Many  tissues  can  be  instantly  hardened  by  being  plunged  for  a  minute 
into  boiling  water  and  then  placed  in  alcohol :  this  is  not,  however,  a  good 
method  for  glandular  organs. 

For  tissues  that  are  to  be  hardened  in  chromic  acid  an  immersion  of^from 
seven  to  fourteen  days  is  generally  necessary  ;  they  may  then,  after  washing 
for  some  hours  or  days  in  tap- water,  be  placed  in  alcohol  for  preservation 
and  to  complete  the  process  of  hardening.  The  alcohol  should  be  changed 
once  or  twice. 

Organs  placed  in  bichromate  of  potassium  or  MUller's  fluid  are  ready  for 
section  in  a  fortnight  or  three  weeks ;  they  may,  however,  be  left  for  a 
much  longer  time  in  those  fluids  without  deterioration. 

With  picric  .acid  the  hardening  process  is  generally  complete  in  two 
or  three  days ;  the  organs  may  then  be  transferred  to  alcohol,  which 
ought  to  be  frequently  changed. 

The  hardening  ofj  the  brain  and  spinal  [cord  in  Miiller's  fluid  takes  from 
three  weeks  to  as  many  months.  It  can  be  hastened  by  warmth,  and  by 
the  addition  of  acetic  acid,  or  by  placing  small  pieces  in  Marclii's  solution 
(see  below),  after  tliey  have  been  a  week  or  ten  days  in  MUller's  fluid. 

Tissues  containing  calcareous  matter,  e.g.  bone  and  tooth,  may  be  rapidly 
decalcified  in  a  solution  made  by  dissolving,  with  the  aid  of  heat,  1  grm. 
phloroglucin  in  10  cc.  nitric  acid,  and  filling  up  to  100  c.c.  with  water, 
to  which  more  nitric  acid  may  be  added  if  desired.  Another  rapid  decalci- 
fying fluid  is  commercial  sulphurous  acid  solution.  If  it  is  desired  to 
preserve  the  soft  parts  within  the  bone,  it  should  first  be  placed  for  a 
few  hours  in  10  per  cent,  formol.  For  decalcifying  more  slowly  a  1  to 
5  per  cent,  solution  of  nitric  acid  in  water  or  alcohol,  a  saturated  solution 
of  picric  acid^  containing  a  superabundance  of  crystals,  or  a  1  per  cent, 
solution  of  chromic  acid  are  employed. 

Embedding   of  hardened  tissues,    and   preparation  of  sections.— 

Sections  are  most  advantageously  made  with  some  form  of  microtome.  It 
is  generally  needful  to  support  the  hardened  tissue  whilst  it  is  being  cut, 
and  with  this  object  it  is  embedded  in  some  substance  which  is  applied 
to  it  in  the  fluid  condition  and  becomes  solid  on  standing.  The  embedding 
substance  can  either  simply  inclose  the  tissue,  or  the  tissue  may  be  soaked 
in  it ;  the  latter  method  is  the  one  commonly  employed. 

The  embedding  substance  chiefly  used  is  parafiin  of  about  50°  C.  melting 
point. 

Embedding  in  parafin. — Before  being  soaked  in  melted  paraflSn,  the 
piece  of  tissue  may  be  stained  in  bulk  ;  it  is  then  dehydrated  by  a 
series  of  alcohols  (50  per  cent.,  75  per  cent.,  95  per  cent.),  finishing  up 
with  absolute  alcohol ;  after  which  it  is  soaked  in  cedar- wood  oil,  xylol, 
or  chloroform.  It  is  now  transferred  to  molten  parafiin,  which  should 
not  be  too  hot,  and  is  soaked  in  this  for  one  or  several  hours,  according 
to  thickness.  Very  delicate  objects  are  sometimes  passed  through  a 
solution  of  parafiin  in  chloroform.  When  thoroughly  impregnated  with 
the  paraffin  the  object  is  placed  in  a  mould  or  glass  which  has  been 
smeared   with   glycerine,   and   is   covered   with    molten   paraffin   which   is 


APPENDIX.  48V 

allowed  to  cool  qiiicklj'.  A  square  block  of  the  paraffin  couteining  the 
tissue  ia  then  fixed  in  the  desired  position  on  the  microtome,  thin 
sectioiiH  are  cut  and  fixed  to  a  slide  (see  below),  the  paraffin  dissolved 
out  by  turpentine  or  xylol,  and  the  aectiona  mounted  in  Canada  balsam 
or  dammar. 

If  it  be  desired  to  cut  a  riljaiid  of  suceessivB  sections,  and  the  paralKu 
used  prove  too  hard  for  them  to  aticlc  to  one  another  at  the  edges,  a 
paraffin  of  lower  melting  point  (40°  C.)  is  smeared  over  the  opposite  sides 
of  the  block ;    the  sections  then  adhere  together  as  thej  are  cut. 

Preparation  of  f men  sections, — The  bichromate  solutions  aud  formol  are 
the  best  fluids  to  use  for  preaerviug  tisanes  which  are  to  be  frozen  in 
place  of  being  embedded.  The  tissue  requires  to  be  soaked  in  gum-water 
before  being  placed  upon  the  freezing  microtome.  A  thin  ayrup  of 
either  gum  arabic  or  dextrin  may  be  used. 

Embedding  in  ceJfoirfm— The  piece  to  be  embedded  is  dehydrated  by 
alcohol,  and  ia  then  placed  over  night  in  a  solution  of  celloidin  in  alcohol 
and  ether  similar  to  ordinary  collodion,  and  afterwarda  in  collodion  of 
double  strength.  After  twenty-four  hours  more  it  ia  removed  from  the 
celloidin  (collodion)  and  placed  upon  a  wood  or  metal  holder.  "When  the 
celloidin  is  set  by  evaporation  of  its  ether  the  holder  is  plunged  in 
alcohol  (86  per  cent.),  aud  after  a  few  hours  sections  may  bo  cnfc  with  a 
knife  wetted  with  spirit  of  the  same  strength.  The  sections  are  placed 
j  per  cent,  alcohol ;  then  jiaaaed  through  cedar-wood  oil  or  bergamot 
Dto  xylol  balsam.  They  must  not  go  into  clove-oil,  nor  into  absolute 
alcohol.  The  advantage  of  the  method  is  that  the  celloidin,  which  is 
quite  transparent,  need  not  be  got  rid  of  in  mounting  the  sections,  aud 
a  to  keep  the  parts  of  a  section  togetlier ;  it  is  tlius  very  useful  for 
friable  tissues  or  for  large  sections.  The  tissue  may  either  be  stained  in 
bulk  before  embedding,  or  the  sections  may  be  etained. 

MicrotomeB.— A  section -cutting  apparatus  or  microtome  ia  essential  for 
hiatologica!  work.  Useful  inatrunienta  for  atudenla  are  the  Cathcart  mioro- 
i  for  freezing  and  the  tripod  microtome  for  objects  which  have  been 
embedded  in  paraffin. 

The  tripod  microtome  is  a  simple  and  efficient  little  instrument,  and  haa 
the  advant^e  of  being  inexpensive.  It  consiata  of  a  metal  frame  (fig.  646) 
1  which  the  razor  ia  fixed,  provided  with  a  micrometer  acrew  by  which 
the  height  of  the  razor-edge  is  adjusted.  The  pai-affin  block  containing  the 
tissue  is  fixed  by  the  aid  of  heat  on  a  flat,  piece  of  glass  over  which  the 
tripod  slides.     The  razor-edge  is  lowered  after  each  successive  section. 

In  the  Cathcart  freezing  microtome  (fig.  549)  the  tissue,  after  being  soaked 
1  gum-water,  ia  placed  on  a  metal  plate  and  frozen  by  playing  an  ether- 
spray  on  the  under  surface  of  the  plate.  The  plate  ia  moved  upwards  by  a 
finely-cut  screw,  and  the  knife  or  plane  used  to  cut  the  sections  is  guided 
r  the  ))late  by  passing  over  glass  slips.  In  the  Williams  microtome  the 
freezing  agent  is  ice  and  salt  mixture.  In  using  any  freezing  microtome, 
especially  for  the  nervous  system,  it  is  important  not  to  freeze  the  tissue 

)  hard,  or  the  section  will  roll  up. 
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Soinewliat  iiiore  expensive  and  compliiated,  but  also  more  efficieut,  iiiBtru- 
meiite  are  tbe  rocking  iiiicrotunie  of  tlie  Cambridge  Scientific  Instrument 
CompHiiy  and  tlie  microti) iries  deaigued  hy  C.  S.  Miiiot  and  by  Deli-piiie,    The 
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action  of  all  of  these  is  autoniatic.  For  esaiuple,  with  the  rocker  luicrotonie 
every  to-and-fro  movemeivt  of  the  Laiidle,  h,  not  only  eota  a  section  of  the 
tissae  of  definite  thickness,  but  alno  moveti  tlie  paraffin  block  forwarde  in 
reudiuesa  for  the  next  section.    And  by  employing  a  rectangular  block  of 
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paraflin  of  the  proper  consigtencj,  a,  long  series  of  aectiooa  of, the  sa 
object,  of  equal  thickiiesa,  can  be  obtained  and  made  to  udhere  tcgethei 
a  riliaiid  (as  shown  in  fie.  JioO).     The  sections  tan  be  kept  i 
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the  slide  by  the  employment  of  some  adhesive  method  of  mounting  the 
riband. 

For  celloidin-embedded  preparations  it  is  necessary  to  cut  the  sections 
with  a  knife  kept  wetted  with  spirit.  For  this  purpose  a  sliding  micro- 
tome, in  which  the  knife  or  razor  is  moved  horizontally  over  the  tissue, 
with  the  edge  obliquely  inclined  to  the  direction  of  movement,  is  the  most 
useful.  The  best  instrument  for  this  purpose,  especially  for  large  sections 
of  brain,  is  one  in  which  the  celloidin-soaked  object  is  immersed  in  spirit 
during  the  actual  process  of  making  the  sections.  It  is  all-important  for 
every  kind  of  microtome  that  the  knife  should  be  in  perfect  order. 

Methods  of  mounting  in  xylol  balsam  or  dammar.— Individual  paraffin - 
cut  sections  or  ribands  of  sections,  such  as  are  cut  with  the  rocking  and 
other  microtomes,  are  fixed  to  a  slide  or  cover-glass — preliminary  to  being 
treated  with  stains  and  other  fluids — in  the  following  way : — The  slide  (or 
cover-glass),  after  having  been  carefully  cleaned,  is  smeared  very  thinly  with 
fresh  white  of  egg :  this  can  be  done  with  the  finger  or  with  a  clean  rag, 
and  the  slides  may  be  put  aside  to  dry,  protected  from  dust.  It  is  con- 
venient to  prepare  a  large  number  of  slides  at  a  time  in  this  way,  and  to 
keep  them  at  hand  in  a  suitable  receptacle.  When  required  for  use  a  little 
water  is  poured  on  to  the  slide  and  the  riband  of  sections  is  placed  on  the 
water,  which  is  then  warmed  on  a  hot  plate  or  over  a  small  flame  until  the 
paraffin  becomes  flattened  out,  without  actually  melting.  The  water  is  then 
drained  off,  the  slide  put  in  a  warm  place  for  the  remainder  of  the  water  to 
evaporate  (this  will  take  from  half  lan  hour  to  an  hour  according  to  the 
size  of  the  section  and  the  temperature  at  which  it  is  kept),  and  then  heated 
sufficiently  to  melt  the  paraffin.  It  is  next  immersed  in  xylol  to  remove 
the  paraffin,  after  which  the  sections  may,  if  already  stained,  be  mounted  at 
once  in  xylol  balsam  or  dammar  ;  if  not  stained,  treat,  after  xylol,  first  with 
absolute  and  then  with  gradually  lower  grades  of  alcohol,  then  water,  and 
then  stain  and  finally  pass  through  water,  alcohol  (in  grades),  clove-oilj 
and  xylol,  into  xylol  balsam  or  dammar.  For  many  sections  some  of  the 
grades  of  alcohol  can  be  omitted,  but  it  is  always  best  to  place  in  60  per 
cent,  between  water  and  absolute  alcohol. 

A  simpler  method,  but  one  which,  in  most  cases,  answers  the  purpose 
perfectly  well,  is  to  place  the  riband  or  the  individual  sections  cut  from 
paraffin  on  the  surface  of  water  in  a  basin,  just  sufficiently  warm  to  flatten 
out  the  paraffin,  but  not  to  melt  it,  then  pass  a  perfectly  clean  slide  under 
the  surface  of  the  water  and  float  the  sections  on  to  it ;  remove,  drain  off 
the  water,  and  put  the  slide  and  sections  aside  for  one  or  more  hours  until 
all  the  water  has  evaporated.  The  sections  are  found  to  have  adhered 
firmly  to  the  slide  (they  may,  if  desired,  be  yet  more  firmly  fixed  by  drawing 
a  brush  moistened  with  solution  of  celloidin  in  oil  of  cloves  over  them). 
The  paraffin  can  now  be  removed  by  washing  the  slide  with  xylol  or 
immersing  it  in  xylol.  If  not  previously  stained  they  can  then  be  passed 
through  alcohols  and  stained  and  mounted  as  just  described.  It  is  con- 
venient to  keep  the  several  solutions  which  are  required  in  cylindrical 
tubes  or  grooved  glass  receptacles  in  a  regular  row  upon  the  working  table. 
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and  transfer  the  slide  from  one  to  the  other  in  succession.  Thus  such  a 
series  would  be  (1)  xylol ;  (2)  absolute  alcohol ;  (3)  75  per  cent,  alcohol  ; 
(4)  50  per  cent,  alcohol ;  (5)  distilled  water ;  (6)  staining  solution ;  (7)  tap 
water  ;  (8)  distilled  water  ;  (9)  50  per  cent,  alcohol ;  (10)  75  per  cent, 
alcohol  ;  (11)  absolute  alcohol ;  (12)  clove  oil  or  xylol.  The  changes  can 
also  be  eflfected  by  pouring  the  solutions  over  the  sections  and  draining  off, 
but  this  is  less  satisfactory. 

The  following  table  shows  the  methods  which  may  be  adopted  for  the 
ti'eatment  of  paraflQn-cut  sections  or  ribands  of  sections : 

1.  Place  on  a  slide  or  cover-glass  in  a  drop  of  tap-water  : 
the  glass  may  previously  have  been  smeared  with 
egg-white  :  warm  gently. 


2.  Drain  off  water  and  allow  to  dry  completely. 

i 

3.  Warm  until  paraffin  is  just  melted. 


4.    Dissolve  paraffin  away  with  xylol. 
If  tissue  is  already  stained  in  bulk.  If  tissue  is  not  already  stained. 

i~  i 

Mount  in  xylol  balsam  or  dammar.  5.    Absolute  alcohol. 

I 

6.  Descending  grades  of  alcohol. 

I 

7.  Stain. 
For  sections  cut  by  the  freezing  \ 

or    celloidin    methodfi,    if   the  8.  Water. 

tissue  has  already  been  stained  | 

in  bulk,  the  sections  need  only  9.    Ascending  grades  of  alcohol. 

be  put  through  the  ascending 


grades  of  alcohol  and  bergamot  10.  Xylol    or    bergamot    oil    or 

oil,    and    then    mounted    in  creosote  or  clove-oil. 

dammar.      If  the   tissue   has  | 

notalready  been  stained,  begin  Mount   in   xylol   balsam   or 

at  No.  7.  dammar. 

Staining  of  sections. — The  fluids  most  commonly  employed  for  the 
staining  of  sections  are  : — (1)  Solutions  of  haematoxylin  and  alum  ;  (2) 
solutions  of  carmine  with  or  without  alum  ;  (3)  certain  aniline  dyes.  The 
time  of  immersion  in  the  staining  fluid  varies  according  to  the  strength 
of  the  fluid  and  the  mode  by  which  the  tissue  has  been  hardened.  The 
necessity  of  staining  sections  may  be  avoided  if  the  tissue  is  stained  in 
bulk  before  embedding.  For  this  purpose  a  piece  of  tissue  is  left  to  stain 
for  twenty-four  hours  or  more  in  a  moderately  diluted  haematoxylin  solution 
or  in  carmalum  or  borax  carmine,  and  is  then  embedded  and  cut  into  sections 
by  the  paraffin  or  freezing  methods.  If  the  latter  be  employed  the  sections 
are  thoroughly  washed  with  tap- water,  dehydrated  by  alcohol,  and  passed 
through  clove-oil  or  xylol  into  xylol  balsam  or  dammar.  For  some  purposes 
(e.g.  the  study  of  ossifying  cartilage)  an  alcoholic  solution  of  magenta  is 
useful  for  staining  in  bulk  ;  from  this  the  tissue  goes  direct  into  a  small 
quantity  of  oil  of  cloves,  and  after  being  soaked  with  this  it  is  passed  into 
molten  paraffin.  Sections  may  also  be  stained  whilst  still  infiltrated  with 
paraffin  by  floating  them  on  to  the  surface  of  the  staining  solution,  which 
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may  be  gently  warmed  (but  not  enough  to  melt  the  paraffin).  They 
generally  require  far  longer  exposure  to  the  stain.  The  subsequent  treat- 
ment is  quite  simple,  for  they  need  only  be  transferred  to  warm  water, 
floated  on  to  a  slide  and  allowed  to  dry.  The  paraffin  is  then  melted, 
dissolved  away  with  xylol,  and  the  sections  are  mounted  in  dammar. 

The  followiug  are  some  of  the  principal  staining  solutions  and  methods  of 
staining  for  special  purposes  : 

1..  Delafield's  hcematoxylin. — To  150  cubic  centimetres  of  a  saturated 
solution  of  potash  alum  in  water  add  4  cubic  centimetres  of  a  saturated 
solution  of  hsematoxylin  in  alcohol.  Let  the  mixture  stand  eight  days, 
then  decant,  and  add  25  cubic  centimetres  of  glycerine,  and  25  cubic 
centimetres  of  methylic  alcohol.  The  solution  must  stand  a  few  days 
before  it  is  ready  for  use. 

To  stain  sections  add  a  few  drops  of  this  solution  to  a  watch-glassful 
of  distilled  water.  If  overstained  the  excess  of  colour  can  be  removed  by 
alcohol  containing  1  per  cent,  nitric  or  hydrochloric  acid.  With  long 
keeping  this  solution  becomes  red  instead  of  blue  ;  a  trace  of  ammonia 
will  restore  the  blue  colour. 

2.  EhrlichUs  hceniatoxylin. — Dissolve  2  grammes  hsematoxylin  (or,  better, 
hsemate'in)  in  100  cubic  centimetres  alcohol  •  add  100  cubic  centimetres 
water,  100  cubic  centimetres  glycerine,  and  10  cubic  centimetres  glacial 
acetic  acid :    add   potash   alum   to   saturation.       This   solution    will    k^ep 

.  almost  indefinitely  :  it  is  valuable  for  staining  in  bulk,  as  it  does  not 
easily  overstain.  For  staining  sections  it  is  best  to  dilute  the  solution 
either  with  distilled  water  or  with  30  per  cent,  alcohol.  After  the  sections 
have  been  stained  they  must  be  thoroughly  washed  with  tap- water.  This 
develops  the  blue  colour  of  the  haeniatoxylin. 

3.  Kultschitzky'g  hcematoxylin. — Dissolve  1  gramme  hsematoxylin  in  a  little 
alcohol,  and  add  .to  it  100  cubic  centimetres  of  a  2  per  cent,  solution  of  acetic 
acid.  This  solution  is  valuable  for  staining  sections  of  the  nervous  system 
(see  Weigert-Pal  process). 

4.  Hoemalum. — Hsematoxylin-alum  solutions  acquire  their  colouring 
properties  only  as  the  hsematoxylin  on  keeping  becomes  converted  into 
hseroateln.  The  latter  substance  may,  therefore,  as  recommended  by  Mayer, 
be  used  advantageously  in  place  of  hsematoxylin  if  the  stain  is  required 
immediately.  The  following  mode  of  preparing  the  solution  may  be 
adopted : — Dissolve  50  grammes  of  ammonia  alum  in  1  litre  of  water,  and 
1  gramme  of  hsematein  in  100  c.c.  of  rectified  spirit.  Add  the  hsemate'in 
solution  gradually  to  the  alum.  The  mixture  is  ready  for  staining  at  once, 
either  as  it  is  or  diluted  with  distilled  water.  A  small  piece  of  thymol  or  a 
little  carbolic  acid  should  be  added  to  prevent  the  growth  of  moulds. 

5.  R.  HeidenhairCs  method. — After  hardening  in  alcohol,  or  in  saturated 
solution  of  picric  acid  and  then  in  alcohol,  place  the  tissue  from  twelve 
to  fourteen  hours  in  a  J  per  cent,  watery  solution  of  hsematoxylin,  and  then 
from  twelve  to  twenty-four  hours  more  in  a  ^  per  cent,  solution  of  yellow 
chromate  of  potash,  which  may  be  changed  more  than  once.  Then  wash  in 
water,  place  in  alcohol,  pass  through  xylol,  and  embed  in  paraffin. 


494  THE  ESSENTIALS  OF  HISTOLOGY. 

6.  M.  Heidenhain^s  method. — Harden  in  sublimate,  followed  by  alcohol ; 
fix  sections  to  slide  by  water  method  ;  treat  with  iodised  alcohol,  transfer  to 
2*5  per  cent,  iron-alum  (solution  of  sulphate  (or  tartrate)  of  iron  and 
ammonia)  and  leave  a  quarter  of  an  hour  or  longer ;  rinse  with  distilled 
water;  place  in  1  to  0*5  per  cent,  pure  hsematoxylin  in  water  containing 
10  per  cent,  alcohol  for  a  few  minutes ;  wash  with  water ;  differentiate  in 
the  iron  and  ammonia  solution  until  nearly  decolorised  ;  wash  for  fifteen 
minutes  in  tap-water ;  dehydrate  and  mount  jin  the  usual  way.  This 
method  is  especially  adapted  for  exhibiting  the  centrosomes  of  cells.  It  is 
also  useful  for  retiform  tissue  and  glands. 

Both  the  process  of  mordanting  with  iron-alum  and  the  subsequent 
staining  with  hsematoxylin  may  be  considerably  prolonged  with  advantage 
for  some  tissues. 

7.  Carmalum  (Mayer). — Useful  either  for  sections  or  bulk-staining.  If 
the  sections  are  subsequently  passed  through  alcohol  containing  picric  acid 
in  solution  a  double  stain  is  produced. 

Carminic  acid, 1  gramme. 

Ammonia  alum, 10  grammes. 

Distilled  water, 200  c.c. 

Boil  together,  allow  to  cool  and  filter.     Add  thymol  or  a  little  carlx)lic  acid 
to  prevent  the  growth  of  moulds. 

8.  Carminate  of  ammonia. — Prepared  by  dissolving  carmine  in  ammonia, 
and  allowing  the  excess  of  ammonia  to  escape  by  slow  evaporation.  The 
salt  should  be  allowed  to  dry  and  be  dissolved  in  water  as  required. 

9.  Picric  acid. — A  saturated  solution  of  picric  acid  lin  spirit  may  be  used 
as  a  second  stain  after  haematoxylin  or  carmine.  Any  excess  of  picric  acid 
is  dissolved  out  by  rinsing  with  strong  spirit,  This  form  of  double  stain  is 
valuable  for  exhibiting  keratinised  tissues  and  muscle-fibres. 

10.  Picro-carminate  of  ammonia,  a  double  stain,  a.  Ranvier's  picro- 
carmine. — To  a  saturated  solution  of  picric  acid  add  a  strong  solution  of 
carmine  in  ammonia,  until  a  precipitate  begins  to  form.  Evaporate  on 
the  water  bath  (or,  better,  allow  it  to  evaporate  spontaneously)  to  one  half 
its  bulk  ;  add  a  little  carbolic  acid  to  prevent  the  growth  of  moulds  ; 
filter  from  the  sediment. 

/3.  Bourne^ 8  picro-carmine. — "  Add  5  c.c.  of  ammonia  to  2  grammes  carmine 
in  a  bottle  capable  of  containing  about  250  c.c.  Stopper,  shake,  and  put 
aside  till  next  day.  Add  slowly,  shaking  the  while,  200  c.c.  of  a  saturated 
solution  of  picric  acid  in  distilled  water.  Put  aside  till  next  day.  Add 
slowly,  constantly  stirring,  11  c.c.  of  5  per  cent,  acetic  acid.  Put  aside  till 
next  day.  Filter  ;  to  the  filtrate  add  four  drops  of  ammonia,  put  back  in 
the  stoppered  bottle  "  (Langley). 

11.  Borax-carmine. — Dissolve  4  grammes  borax  and  3  grammes  carmine 
in  100  cubic  centimetres  of  warm  water.  After  three  days  add  100  cubic 
centimetres  of  70  per  cent,  alcohol,  let  stand  two  days  and  filter.  This 
solution  improves  on  keeping.     It  is  useful  for  staining  in  bulk. 

After  staining  with  borax-carmine,  the  tissue  should  be  jplaced  in  70  per 
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cent,  alcohol  containing  5  drops  of  hydrochloric  acid  to  100  cubic  centi- 
metres. 

12.  Aniline  dyes, — These  are  used  either  in  aqueous  solution  (which  may 
contain  0*01  per  cent,  of  caustic  potash)  or  in  water  shaken  up  with  aniline 
oil,  and  it  is  usual  to  overstain  a  tissue  with  them,  and  subsequently  to 
decolorise  with  absolute  alcohol  containing  \  its  bulk  of  aniline  oil  (from 
which  the  sections  can  pass  directly  into  xylol)  or  with  acid-alcohol  (1  to 
10  per  1000  hydrochloric  acid)  followed  by  absolute  alcohol  and  this  by 
xylol.  Those  most  employed  are  the  "  basic  "  dyes — methyl-blue,  methylene- 
blue,  gentian-violet,  toluidin-blue,  thioniu,  saffranin,  and  vesuvin ;  and  the 
"acid"  dyes — eosin,  erythrosin,  acid  magenta  or  acid  fuchsin,  and  orange  G. 
A  double  stain  is  obtained  by  combining  eosin  with  methylene  blue  or 
toluidin  blue,  the  sections  being  first  stained  for  ten  minutes  in  1  per  cent, 
aqueous  eosin  and  then,  after  rinsing  with  water,  for  twenty  minutes  in 
1  per  cent,  of  the  blue  solution,  after  which  they  are  decolorised  by  absolute 
alcohol  or  absolute  alcohol  and  aniline  oil.  The  decolorisation  is  arrested 
by  xylol.  Other  good  double  stains  are  the  eosin-methyl  blue  mixture 
devised  by  G.  Mann^  and  Jenner's  stain,  which  is  made  by  dissolving 
in  pure  methyl  alcohol  the  precipitate  which  is  produced  when  eosin 
solution  is  added  to  methylene  blue  solution.  Jenner's  stain  is  valuable 
for  blood  films.  For  the  same  purpose  Ehrlich's  triple  stain  is  also  used. 
This  is  formed  by  mixing  together  aqueous  solution  of  orange  G.,  acid- 
fuchsin,  and  methyl-green  in  certain  proportions. ^ 

13.  Eosin, — A  1  per  cent,  solution  in  water  may  be  used.  The  sections 
are  first  stained  deeply  with  hsematoxylin  and  rinsed  with  water.  They  are 
then  stained  with  the  eosin  solution,  passed  through  75  per  cent,  alcohol, 
and  then  through  strong  spirit — which  is  allowed  to  dissolve  out  some 
but  not  all  of  the  eosin  stain — into  clove-oil :  they  are  finally  mounted  in 
xylol  balsam  or  dammar. 

Eosin  stains  haemoglobin  of  an  orange  red  colour ;  so  that  the  blood 
corpuscles  are  well  shown  by  it  when  fixing  fluids  have  been  employed 
which  do  not  remove  the  haemoglobin  from  them  (such  as  mercuric  chloride, 
bichromate  of  potassium,  and  formol. 

14.  Muir's  method  of  double-staining  with  eosin  and  methylene  blue. — For 
staining  haemoglobin  and  oxyphil  granules  in  cells  the  method  devised  by 
Richard  Muir  will  be  found  valuable.  It  consists  in  staining  the  sections  of 
forraol-hardened  tissue  (which  are  fixed  on  a  slide)  with  saturated  solution 
of  alcohol-soluble  eosin  crystals  dissolved  in  rectified  spirit.  This  solution  is 
poured  over  the  sections,  and  evaporated  over  a  flame  until  the  alcohol  is 
driven  off,  leaving  only  a  watery  solution.  Rinse  with  water,  place  in 
saturated  solution  of  potash  alum  for  three  minutes,  and  wash  again. 
Decolorise  with  alcohol  rendered  very  faintly  alkaline  with  ammonia.  Wash. 
Stain  with  saturated  water-solution  of  methylene  blue  ;  wash  with  water ; 
dehydrate  and  mount  in  usual  way. 

15.  Acid  fuchsin. — A  1  per  cent,  solution  in  50  per  cent,  alcohol  (to  which 

1  See  Methods  of  Physiological  Histology,  p.  216. 
^It  is  best  to  purchase  this  solution  ready-made. 
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1  drop  of  1  per  cent,  alcohol-solution  of  gentian- violet  may  be  added 
per  cubic  centimetre),  is  an  excellent  stain  for  connective  tissue  (see  p.  67). 
It  may  also  advantageously  be  used  for  developing  bone  and  tooth  and 
for  lymph-glands.  The  piece  of  tissue  is  left  for  several  days  in  a  1  per 
cent,  solution  in  95  per  cent,  alcohol  and  is  then  placed  direct  in  a  small 
quantity  of  clove-oil  for  a  few  hours,  after  which  it  is  transferred  to  molten 
paraffin. 

16.  Orcein. — Dissolve  1  gramme  orcein  in  100  c.c.  absolute  alcohol  con- 
taining 1  c.c.  hydrochloric  acid.  Place  the  sections  in  some  of  this  solution 
in  a  watch-glass  and  warm  slightly,  allowing  the  fluid  to  nearly  evaporate 
to  dryness.  Dehydrate  in  alcohol,  which  removes  the  excess  of  stain  ;  pass 
through  xylol  into  dammar.     Orcein  stains  especially  the  elastic  fibres. 

17.  FlemmiTig's  method  for  karyokitietic  nuclei. — This  is  especially  valuable 
for  staining  cell-nuclei  in  mitosis.  The  tissue  having  been  appropriately 
fixed,  small  shreds  or  thin  sections  are  placed  for  two  days  in  saturated 
alcoholic  solution  of  saffrauin,  mixed  with  an  equal  amount  of  aniline- 
water.  They  are  then  washed  with  distilled  water  and  decolorised 
in  aniline-alcohol  or  in  alcohol  containing  1  per  1000  hydrochloric  acid 
until  the  colour  is  washed  out  from  everything  except  the  nuclei.  They 
are  then  again  rinsed  in  water  and  placed  in  saturated  aqueous  solution 
of  gentian-violet  for  two  hours,  washed  again  in  distilled  water,  decolorised 
with  aniline-alcohol  until  only  the  nuclei  are  left  stained,  then  transferred 
to  bergamot  oil  or  xylol,  and  from  this  are  mounted  in  xylol  balsam  or 
dammar.  Gentian-violet  and  sjeveral  other  aniline  colours  may  be  employed 
in  place  of  saiTranin  from  the  first.  Delafield's  haematoxylin  (followed  by 
acid),  or  Ehrlich's  haematoxylin  also  stain  the  mitotic  figures  well. 

18.  Staining  with  nitrate  of  silver  (Recklinghausen). — Wash  the  fresh  tissue 
with  distilled  water  ;  immerse  in  ^  to  1  per  cent,  nitrate  of  silver  solution 
for  from  one  to  five  minutes  ;  rinse  with  distilled  water  and  expose  to 
bright  sunlight  either  in  water,  70  per  cent,  alcohol,  or  glycerine.  The 
tissue,  which  is  generally  a  thin  membrane,  may  either  be  mounted  ia 
glycerine,  or  it  may  be  spread  out  flat  in  water  on  a  slide,  the  water 
drained  off",  the  tissue  allowed  to  dry  completely,  and  then  dammar 
added.  This  method  is  used  to  exhibit  endothelium,  and  generally  to  stain 
intercellular  substance.  It  depends  upon  the  fact  that  the  chlorides  of  the 
tissues  are  almost  exclusively  confined  to  the  intercellular  substance. 

The  following  methods  are  especially  useful  in  investigations  relating  to 
the  nervous  svstera  : 

19.  Marchi^s  solutioii. — This  is  a  mixture  of  Miillers  fluid  (2  parts)  with 
1  per  cent,  osmic  acid  (1  part).  It  is  of  value  for  staining  nerve-fibres  in 
the  earlier  stages  of  degeneration,  before  sclerosis  sets  in  (especially  a  few 
days  after  the  establishment  of  a  lesion).  All  the  degenerated  medullated 
fibres  are  stained  black,  whilst  the  rest  of  the  section  remains  almost 
unstained.  It  is  best  to  put  thin  pieces  of  the  brain  or  cord  to  be  investi- 
gated singly  into  a  large  quantity  of  the  solution  (after  previously  hardening 
for  ten  days  in  Miiller's  fluid),  and  to  leave  them  in  it  for  a  week  or  more  ; 
but  if  necessary  sections  can  be  stained ;  in  this  case  the  process  is  more 
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complicated,'  In  either  case  they  are  fixed  on  a  slide  and  raoimted  by  the 
usual  process  in  xylol  balsam  or  dammar. 

20.  Weigert-Pal  method. — This  method  ia  chiefly  used  for  the  central 
nervous  syatem.  By  it  all  medullated  nerve-fibres  are  stained  dark,  while 
the  grey  matter  and  any  sclerosed  tracts  of  white  matter  are  left  oncoloured. 
The  following  modification  of  the  original  method  can  be  recommeaded : 
Pieces  which  have  been  hardened  in  Miiller's  fluid  tind  afterwards  kept 
a  short  time  in  alcohol  (without  washing  in  water)  are  embedded  in  cel- 
loidin,  and  sections  are  cut  as  thin  as  possible.  Or  sections  may  be  made 
by  the  freezing  method  direct  from  Miilter'a  fluid,  if  the  tissue  is  first 
soaked  in  giim-nater  for  a  few  hours.  In  either  case  they  are  placed  in 
water,  and  from  this  are  transferred  to  Marchi's  fluid  (see  above,  §  19), 
in  which  they  are  left  for  a  few  hours.  They  are  then  again  washed  ia 
water  aud  transferred  to  Kulschitzky's  hematoxylin  (see  above,  §  3).  In 
this  they  are  left  overnight,  by  which  time  they  will  be  completely  black. 
After  again  washing  in  water  they  are  ready  to  be  bleached.  This  ia 
accomplished  by  Pal's  method  as  follows  ;  Place  the  overstained  sections, 
first  in  ^  per  cent,  solution  of  potassium  permanganate  for  five  minutes  (or 
for  a  longer  time  in  a  weaker  solution) ;  rinse  with  water  aud  transfer  to 
Pal's  solution  (sulphite  of  soda  1  gramme,  oxalic  acid  1  gramme,  distilled 
water  200  cubic  ce  11  ti metres),  in  whicli  the  actual  bleaching  takes  place.' 
They  are  usually  sufficiently  difierentiated  in  a  iew  minutes  ;  if  not,  they 
can  be  left  longer  in  the  solution  without  detriment.  If  after  half  an  hour 
they  are  not  differentiated  enough,  they  must  be  put  agaia  (after  washing) 
into  the  permanganate  for  some  minutes,  and  then  again  into  Pal's  solution. 
After  differeutiation  they  are  passed  through  water,  alcohol  (with  or  without 
eosin),  aud  oil  of  bergamot  (or  xylol),  to  be  mounted  in  xylol  balsam  or 
dammar.  The  advantage  which  this  roodification  has  over  the  origiual 
method  are  (1)  even  the  finest  meduUated  fibres  are  brought  to  view  with 
great  surety  ;  (2)  the  staining  of  the  fibres  is  jet  black,  and  offers  a  strong 
contrast  to  the  colourless  grey  matter  ;  (3)  the  sections  are  easily  seen  and 
lifted  out  of  the  acid  heematoxyliii,  which  has  very  little  colour ;  (4)  it  is 
difficult  to  overbleach  the  sections;  (fi)  the  stain  is  remarkably  per- 
manent 

Ah  a  modification  of  the  above,  Bolton  recommends  to  harden  with  formol, 
place  the  sections  for  a  few  minutes  in  I  per  cenL  osmic  acid,  stain  for 
two  hours  in  Kulschitzky's  hematoxylin  at  4(1°  C,  and  then  proceed  with 
the  bleaching  process. 

31,  Staining  idth  chloride  of  gold.~a..  CohnAeim'i  method. — Place  the  fresh 
tissue  for  from  thirty  to  sisty  minutes  in  a  ^  per  cent,  solution  of  chloride 
of  gold  ;  then  wash  and  transfer  to  a  large  quantity  of  water  faintly  acidu- 
lated with  acetic  acid.  Keep  for  two  or  three  days  in  the  light  in  a  warm 
place.  This  answers  very  well  for  the  coniea.  It  it  be  principally  desired 
to  stain  the  iierve-fibrila  within  the  epithelium,  the  cornea  may  be  trans- 
ferred after  twenty-four  hours  (the  outlines  of  the  larger  nerves  should  bo 

1  See  Hamilton,  Brain,  1897,  p.  180. 

''Diluted  lulphunnu  Ikoid  aoludon  may  be  emplajed  iueteod  of  Fal's  Bolation. 
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just  apparent  to  the  naked  eye)  to  a  mixture  of  glycerine  (1  part)  and  water 
(2  parts),  and  left  in  this  for  twenty-four  hours  more  (Klein). 

p,  Lowid  inethod. — Place  small  pieces  of  the  fresh  tissue  in  a  mixture  of 
1  part  of  formic  acid  to  2  to  4  parts  of  water  for  one-half  to  one  minute ; 
then  in  1  per  cent,  chloride  of  gold  solution  for  ten  to  fifteen  minutes  ;  then 
back  again  into  the  formic  acid  mixture  for  twenty-four  hours,  and  into 
pure  formic  acid  for  twenty-four  hours  more.  After  removal  from  the  gold, 
and  whilst  in  the  acid,  the  tissue  must  be  kept  in  the  dark.  This  method  is 
especially  good  for  motor  nerve  endings  in  skeletal  muscle. 

y.  Ranviet^s  method. — Immerse  in  lemon-juice  for  five  to  ten  minutes, 
then  wash  with  water  and  place  in  1  per  cent,  gold-chloride  solution  for 
twenty  minutes.  Then  treat  either  as  in  Cohnheim's  or  as  in  Lowit's 
method. 

22.  GolgV»  chromate  of  silver  methods, — ^These  are  chiefly  employed  for 
investigating  the  relations  of  cells  and  fibres  in  the  central  nervous  system. 
Two  methods  are  mostly  used,  as  follows : 

a.  Very  small  pieces  of  the  tissue  which  has  been  hardened  for  some 
weeks  in  3  per  cent,  bichromate  of  potassium  or  Miiller's  fluid  are  placed  for 
half  an  hour  in  the  dark  in  0*75  per  cent,  nitrate  of  silver  solution,  and 
are  then  transferred  for  twenty-four  hours  or  more  to  a  fresh  quantity 
of  the  same  solution  (to  which  a  trace  of  formic  acid  may  be  added).  They 
may  then  be  placed  in  96  per  cent,  alcohol  (half  an  hour),  and  sections, 
which  need  not  be  thin,  are  cut  either  from  celloidin  with  a  microtome 
or  with  the  free  hand  after  embedding  (but  not  soaking)  with  paraffin. 
The  sections  are  mounted  in  xylol  balsam,  which  is  allowed  to  dry  on  the 
slide :  they  must  not  be  covered  with  a  cover-glass,  but  the  balsam  must 
remain  exposed  to  the  air. 

p.  Instead  of  being  slowly  hardened  in  bichromate,  the  tissue  is  placed 
at  once  in  very  small  pieces  in  a  mixture  of  bichromate  and  osmic  (3  parts 
of  3  per  cent,  bichromate  of  potash  or  of  Miiller's  fluid  to  1  of  osmic  acid). 
In  this  it  remains  from  one  to  eight  days,  a  piece  being  transferred  each 
day  to  0*75  per  cent,  silver  nitrate.     The  subsequent  procedure  is  the  same 
as  described  under  a.     For  some  organs  it  is  found  advantageous  to  repeat 
the  process,  replacing  them  for  a  day  or  two  in  the  osmic-bichromate 
mixture  after  silver  nitrate  and  then  putting  them  back  into  silver  nitrate 
(Cajal's  double  method).     This  method  is  not  only  more  rapid  than  that  in 
which  bichromate  of  potassium  alone  is  used,  but  is  more  sure  in  its  results. 
23.  Ehrlichia  methylene-hlue  method. — This  method  is  one  of  great  value 
for  exhibiting  nerve- terminations,  and  in  some  cases  the  relations  of  nerve- 
cells  and  fibres  in  the  central  nervous  system.      For  its  application  the 
tissue  must  be  living :  it  is  therefore  best  applied  by  injecting  a  solution 
of  methylene-blue  (1  part  to  100  of  warm  saline  solution)  into  a  vein  in 
an  anaesthetised  mammal,  until  the  whole  blood  is  of  a  bluish  colour ;  or 
the  injection  may  be  made  through  the  vessels  of  the  part  to  be  investi- 
gated, immediately  after  killing  an  animal.     But  fairly  good  results  can 
also  be  obtained  by  immersing  small  pieces  of  freshly-excised  living  tissue 
in  a  less  concentrated  solution  (0*1  per  cent.),  or,  in  the  case  of  the  central 
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nervous  system,  by  dusting  the  methylene-blue  powder  over  a  freshly-cut 
surface,  allowing  some  time  for  it  to  penetrate,  and  then  treating  it  with 
picrate  of  ammonia  and  Bethe's  solution.  In  either  case  the  tissue  should 
be  freely  exposed  to  air;  the  blue  colour  then  appears  in  the  nerve- 
cells  and  axis-cylinders,  even  to  their  finest  ramifications.  It  does  not 
however  remain,  but  after  a  time  fades  from  them  while  other  tissues 
become  coloured.  To  fix  the  stain  the  tissue  is  taken  at  the  moment  that 
the  nerve-fibres  are  most  distinctly  seen  and  is  placed  for  an  hour  or  two 
in  saturated  solution  of  picrate  of  ammonia,  after  which  the  preparation 
can  be  mounted  in  glycerine  containing  picrate  of  ammonia.  But  to  allow 
of  sections  being  made  from  it  for  mounting  in  balsam  or  dammar,  it  must, 
subsequently  to  the  treatment  with  picrate  of  ammonia,  be  placed  for  some 
hours  in  Bethe's  fluid,  viz.  : 

Molybdate  of  ammonia, 1  gramme. 

Chromic  acid  2  per  cent,  solution,   -         -         -       *-  10  c.c. 

Distilled  water, 10  c.c. 

Hydrochloric  acid, 1  drop. 

This  renders  the  colour  insoluble  in  alcohol. 

24.  Sihler's  method  of  staining  nerve-endings  in  rmisde  and  blood-vessels, — 
Macerate  the  tissue  for  eighteen  hours  in  the  following  solution  : 

Ordinary  acetic  acid, 1  part. 

Glycerine, 1  part. 

1  per  cent,  chloral  hydrate  solution,      .         -         -         -        6  parts. 

From  this  transfer  to  glycerine  for  ffom  one  to  two  hours ;  then  unravel 
somewhat  with  needles  and  place  for  from  three  to  ten  days  in  the 
following  : 

Ehrlich's  hsematoxylin,    - 1  part. 

Glycerine, .1  part. 

1  per  cent,  chloral  hydrate  solution,      ....        6  parts. 

It  may  then  be  kept  for  any  desired  time  in  glycerine,  which  should  be 
changed  several  times. 

Preparations  are  made  by  careful  dissociation  with  needles.  If  over- 
stained  they  may  be  diflferentiated  by  acetic  acid  until  the  dark-blue  colour 
is  changed  to  violet.  The  muscle  spindles  and  the  end-plates  are  well 
shown  by  this  method. 

25.  NissVs  method  of  staining  the  chromatic  granules  in  nerve-cells. — ^This 
is  a  method  of  overstaining  with  methylene  blue  and  subsequent  differ- 
entiation with  alcohol  (see  §  12).  Nissl  recommended  90  per  cent,  alcohol 
as  the  hardening  agent,  but  both  formol  and  corrosive  sublimate  followed 
by  alcohol  may  be  employed  also.  Toluidin-blue  (Mann)  may  be  used  in 
place  of  methylene-blue.  The  sections  may  first  be  stained  with  1  per  cent, 
aqueous  solution  of  eosin,  and  then,  after  rinsing  in  water,  with  1  per 
cent,  methylene-blue  solution  :  they  are  best  differentiated  in  aniline-alcohol. 
The  effect  of  heating  the  solutions  to  about  70°  C.  is  to  accelerate  and 
accentuate  the  staining,  which  will  then  take  only  a  few  minutes. 

2l2 
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A  Nissl  stain  may  also  be  obtained  by  placing  thin  pieces  of  the  fixed 
and  hardened  nervous  tissue  in  1  per  cent,  solution  of  thionin  for  several 
days  ;  after  which  the  tissue  is  dehydrated  and  embedded  in  paraffin. 

26.  CajaVs  reduced  silver  method  for  exhibiting  neurofibrils  unthin  nerve-cells 
and  -fibres. — A  small  piece  of  the  tissue  (brain,  spinal  cord,  ganglion,  etc.), 
not  more  than  4  mm.  thick,  and  preferably  from  a  young  animal,  is  placed 
in  50  C.C.  of  rectified  spirit  to  which  5  drops  of  ammonia  are  added.  After 
twenty-four  hours  in  this,  rinse  with  distilled  water  and  place  in  a  large 
quantity  of  1  per  cent,  solution  of  silver  nitrate,  which  is  maintained  at  a 
temperature  of  about  30°  C.  After  being  five  or  six  days  in  this  solution, 
the  piece  is  removed,  mixed  for  a  few  seconds  in  distilled  water,  and 
transferred  for  twenty-four  hours  to  the  following  solution  : 

Hydrokinone  (or  pyrogallic  acid),  •                 -  1  to  1  *5  grammes. 

Distilled  water, 100  cub.  cent. 

Formol,    -        - 5  to  10  cub.  cent. 

Rectified  spirit, 10  to  15  cub.  cent. 

The  addition  of  alcohol  to  the  above  is  not  indispensable,  but  favours 
penetration.  The  piece  is  then  washed  in  water  for  some  minutes,  trans- 
ferred to  alcohol,  embedded  in  celloidin,  and  sections  are  prepared  and 
mounted  in  the  ordinary  way. 
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Achromatic  smndle,  7,  31. 

Achromatic  substance,  8. 

Adenoid  tissue,  76. 

Adipose  tissue,  73. 

Adrenals.     See  suprarenal  capsules. 

Air-bubbles,  27. 

Ameloblasts,  271. 

Amoeba,  3. 

Angioblasts,  196. 

Ansa  lenticularis,  415. 

Aorta,  structure  of,  189. 

Appendix,  484.    (^S'ee  also  vermiform. ) 

Archoplasm,  8. 

Areolar  tissue,  68. 

cells  of,  70. 

fibres  of,  68. 

Arrector  pili,  243. 
Arteries,  nerves  of,  196. 

—  structure  of,  184. 

—  variation  in  structure  of,  189. 

—  and  veins,  smaller,  structure  of,  192. 
Articular  cartilage,  87. 

—  corpuscles,  169. 
Attraction  sphere,  7. 
Auerbach,  plexus  of,  296. 
Autonomic  nerves,  132. 
Axon,  138,  143. 

Bacteria,  27. 
Baillarger,  lines  of,  428. 
Basilar  membrane,  479. 
Basement  membranes,  77. 
Bechterew,  nucleus  of.    See  nucleus. 
Bellini,  ducts  of,  324. 
Bile-ducts,  313. 
Bladder,  329. 
Blastoderm,  22. 

Blood -corpuscles,  action  of  reagents 
upon,  41,  44. 

—  of  amphibia,  45. 

—  coloured,  31,  32,  41. 

—  colourless,  32. 

amoeboid  phenomena  of,  48. 

granules  of,  33. 

migration    from    blood-vessels, 

51,  72. 
varieties  of,  33. 

—  development  of,  36,  40. 

—  enumeration  of,  30. 

—  structure  of,  31. 


CEL 

Blood-crystals,  43. 
Blood-film,  28. 
Blood-platelets,  35,  47. 
Blood-vessels,  development  of,  36, 196. 

—  structure  of,  184,  192. 
Bone,  96. 

—  development  of,  101. 

—  lacunae  and  canaliculi  of,  98. 

—  lamellae  of,  98. 

—  marrow  of,  38. 

Bowman,  glands  of.     See  glands. 

—  membrane  of,  447. 
Bronchi,  255. 
Bronchial  tubes,  257. 

Brain.  See  cerebrum,  cerebellum, 
medulla  oblongata,  raesenceph* 
alon,  pons  Varolii. 

—  divisions  of,  374. 

—  membranes  of,  441. 
Brunner,  glands  of.     See  glands. 
Burdach,  tract  of.    See  tracts. 
Bundle.     See  tracts. 

Calleja,  islands  of,  396. 
Capillaries,  193. 

—  circulation  in,  194. 
Carotid  gland,  222. 
Cartilage,  86. 

—  articular,  87. 

—  costal,  87,  92. 

—  development  of,  90- 

—  embryonic,  90. 

—  hyaline,  87. 

—  ossification  of,  101. 

—  parenchymatous,  90. 

—  transitional,  88. 

—  varieties  of,  86. 
Cartilage-cells,  87. 

—  capsules  of,  88. 

Cajal  8    method    of    staining    netiro* 

fibrils,  499. 
Celloidin  for  embedding,  487. 
Cell-plate,  16. 
Cells,  division  of,  10. 

amitotic,  10. 

reduction,  14. 

—  embryonic,  1. 

—  membrane  of,  8. 

—  nucleus  of,  8. 

—  structure  of,  2. 


CEM 

Cement.    Set  cruata  petros». 
Central  fovea  of  retina,  463. 

—  tendon  of  diaphragm,  101. 
Centriole,  7- 
CentroBome,  7. 
Cerebellmn,  417. 

—  pednocleB  of,  308,  402,  424. 

superior,  398,  411,  424. 

inferior.     See  leetiform  body. 

middle.  3!>0,  424. 

Cerebrum,  424. 

~  biiesl  ganglin  of,  440. 

stmctiire  of  differeot  parts,  4.32. 

—  peduncle  of,  405. 
Chondrin-balla,  90. 
Choroid  coat  of  eye,  451. 
Chromslio  siibmruioe,  8. 
Chromatolyais,  140.  [224. 
Chromatlin  or  chromophil  cells,  221, 
ChroinoBomea,  0,  12. 

Cilia,  64. 

—  theories  regnrdinj;,  66. 
Ciliary  muscle,  452. 
Clarke,  oolumn  of,  370. 
Clanstrum,  426. 
CocoyReal  gland.     See  glands. 
Cochlea,  474. 

Cohnheim,  areas  of,  112, 

—  method  of  slaising  nerve- eodinga, 

497. 
CollateraU,  148. 
CoIoBtrum-corpuecles,  248. 
Comma  tract.     See  tracts. 
ComniisBurea   of  cerebrum,   anterior, 

439. 
posterior,  410, 

—  of  spinal  cord,  356, 

Connective  tissue,  cells  of,  70. 

—  ^-  development  of,  82. 

fibres  of,  68. 

jelly-like,  77. 

—  tisBuea,  68- 
Cornea,  447, 

—  nerve  emiings  in,  176,  449. 
Corpora  albicautia  Imammillttris),  414. 

—  geniculata,  41'i, 

—  qnadrigemina,  400. 
Corpus  luteam,  350, 

—  subtbulamicum,  415. 
Corti,  organ  of,  470. 
Cotton  dbres,  27. 

Cowper,  glands  of.     See  glands, 

—  petrosa,  260. 
Cutis  vera,  230. 
Cytomitome,  7, 
Cytoplasm,  2, 


FIB 

Dbitebs,  cells  of,  481. 

nucleus  of.     See  nvclens. 
Dendrons,  138- 
Deutiae,  2G3, 
--  formation  of ,  272. 
Uescemet,  memlirane  of,  440, 
Deutoplaara,  6, 
Dilatator  pupitleE,  454. 
Dobie,  hue  of,  113. 


lyere 


e  of,  I 


D.isl,  27. 

Ear,  469. 

Ebner,  glauds  of.     See  glands. 

EhrlLch'smpiliyleoe-blne  method,  498. 

Elastic  tissue,  79- 


Kniii 


aethoJs  of,  486, 


—  formation  of,  271. 

Kiid-bulba'W 

EiidoL'ai'dium,  252. 

EodomjEium.  115, 

Knd..neurium,  f3S. 

Emloplasui,  5, 

Endothelium.  .V., 

Eudplates,  180. 

Ependyma,  373,  389. 

E|>icardium,  2-]2. 

EpidermiB,  226. 

EpididymiB.  aU. 

Kpiiieurinm,  134, 

Epipbyais  cerebri.      See  pineal  gland. 

Epilhelitim,  52, 

—  ciliated,  55,  64. 

-  clasBifiention  of,  53. 

—  columnar,  55,  61, 

—  glandular,  56, 

—  nerve  ondinge  in,  174, 

—  pavement,  55. 

—  stratified,  54. 

Epitricbial  layer,  229. 

Erectile  tissue,  330. 

ErythrobluBts,  36. 

Erythrocytes.     Srr    blood -corpuscles, 

EuBtacbiar  tube,  470. 
Exoplaem,  5. 
Eye,  443. 
Eyolida,  444. 
Eye -piece,  24, 
Pallopian  tabes,  351. 
Kat.      See  adipose  tisBue. 

—  absoiption  of,  304. 

—  in  curtilage  cells.  90,  92, 
Fenestrated  membrane,  187. 
Fibres,    See  connective  tissue,  mnscle. 

Fibrin,  Ss! 
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FIB 

Fibro-cartilage,  elastic,  93. 

—  white,  93. 
Fibrous  tissue,  80. 
Fillet.     See  tract  of  fillet. 
Fimbria,  434. 
Flechsig,  method  of,  360. 

—  tract  of.     See  tracts. 
Flemming,germ-centreof, 205,209,216. 

—  staiuable  bodies  of,  205,  216. 

—  method  of  staining  nuclei,  480. 
Forel,  decussation  of,  403  (footnote). 
Freezing  method   for  preparation  of 

sections,  487. 

Gall-bladder,  314. 
Ganglia,  138. 

—  cells  of,  149. 

—  development  of,  162. 
Ganglion  of  cochlea,  385. 

of  glossopharyngeal,  384. 

Scarpa,  385. 

—  —  of  vagus,  383. 

—  Gasserian,  395. 

—  geniculate,  393. 

—  of  habenula,  405,  414. 

—  interpeduncular,  405. 
Gas-chamber,  60. 
Genital  corpuscles,  169. 
Gennari,  line  of,  428. 
Germ-centre,  205,  209,  216. 
Germ-nuclei,  18. 
Gianuzzi,  crescents  of,  283. 
Gland  or  glands. 

—  agminated,  209,  300. 

—  anal,  308. 

—  of  Bowman,  469. 

—  of  Brimner,  294,  301. 

—  carotid,  222. 

—  ceruminous,  245,  469. 

—  classification  of,  56. 

—  coccygeal,  222. 

—  of  Cowper,  331. 

—  ductless,  59. 

—  of  Ebner,  276. 

—  gastric,  288. 

—  hsemal,  207. 

—  internally  secreting,  59. 

—  lacrymal,  446. 

—  of  Lieberkuhn,  279. 

—  of  Littr6,  331. 

—  lymph,  203. 

—  mammary,  246. 

—  Meibomian,  445. 

—  Pacchionian,  442. 

—  pineal,  415. 

—  pituitary,  224 

—  racemose,  58. 

—  saccular,  58. 

—  salivary,  281. 

—  sebaceous,  243. 

—  secreting,  66. 


HEN 

Gland  or  glands,   secreting,  varieties 
of,  58.     , 

—  serous,  276. 

—  solitary,  209,  299. 

—  sweat,  244. 

—  thymus,  210. 

—  tubular,  58. 
Glisson,  capsule  of,  311. 
Glomeruli  of  kidney,  320. 

—  olfactory,  439. 

Glycogen     in     colourless    blood-cor- 
puscles, 47. 

—  in  liver  cells,  313. 
Goblet-cells,  63. 

Gold-methods     of     staining     nerve- 
endings,  497,  498. 
Golgi,  organs  of,  174. 

—  cells  of,  418. 

—  methods  of  preparing  the  nervous 

system,  498. 

—  reticulum  of,  141,  142. 

—  types  of  nerve-cells,  148. 
Goll,  tract  of.     See  tracts. 
Gowers,  tract  of.     See  tracts. 
Graafian  follicles,  345. 
Grandry,  corpuscles  of,  169. 
Granules  of  protoplasm,  4. 

—  of  colourless  blood- corpuscles,  33. 
Ground-substance  of  connective  tissue, 

2,  68. 
Gudden,  atrophy  of,  158. 

—  bundle  of.     See  tracts. 

—  commissure  of,  410. 
Gullet.     See  oesophagus. 
Gustatory  cells,  278. 

—  pore,  278. 

HiEMAL  glands.     See  glands. 

Hsematoidin,  44. 

Hasmin,  44. 

Haemoglobin,  43. 

Haemolysis,  42. 

Hair-cells  of  internal  ear,  473, 480, 481. 

Hair-follicle,  structure  of,  235. 

Hairs,  27,  234. 

—  development  of,  241. 

—  muscles  of,  243. 

Hassal,  concentric  corpuscles  of,  211. 
Haversian  canals,  98. 

—  systems,  99. 

Hay  craft,  views  of,  on  muscle  struc- 
ture, 113. 
Heart,  250. 

—  muscle  of,  123. 

—  nerves  of,  253. 

—  valves  of,  253. 

Helweg,  bundle  of.     See  tracts. 
Henle,  fenestrated  membrane  of,  187. 

—  looped  tubules  of,  324. 

—  sheath  of,  136. 
Hensen,  line  of,  113. 
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HEP 

Hepatic  lobules,  310. 

—  cells,  312. 

Herbst,  corpuscles  of,  173. 
Hippocampus  major,  434. 
His,  bundle  of,  252. 
Histogenesis,  20. 
Histolosy,  meaning  of  term,  1. 
Hyalopmsm,  4. 

Hypophysis    cerebri.     See    pituitary 
body. 

Idiozome,  342. 
Internal  capsule,  440. 
Intestine,  large,  308. 

—  small,  296. 
Iris,  453. 

Jelly  of  Wharton,  85. 

Karyokinesis,  10. 
Kerato-hyaline,  229. 
Kidney,  320. 

—  blood-vessels  of,  326. 
Krause,  membrane  of,  113,  116. 

Labyrinth  of  ear,  472. 

of  kidney,  325. 
Lacteals,  304. 
Langerhans,  islets  of,  316. 

—  centro-acinar  cells  of,  318. 
Lanugo,  242. 

Larynx,  256. 

Lens,  465. 

Leucocytes.       (See    blood-corpuscles, 

colourless). 
Lieberkiihn,  crypts  of,  297. 
Linen  fibres,  27. 

Lissauer,  bundle  of.     See  tracts. 
Littr^,  glands  of.     See  glands. 
Liver,  310. 

—  blood-vessels  of,  198,  311. 

—  cells  of,  257. 

—  ducts  of,  313. 

—  lobules  of,  310. 

—  lymphatics  of,  315. 
Loewenthal,  tract  of.     See  tracts. 
Lung,  256. 

—  alveoli  of,  261. 

—  blood-vessels  of,  261. 

—  lymph-vessels  of,  262. 
Lymph-glands  or  lymphatic  glands, 

203. 

haemal,  206. 

Lymph -vessels  or  lymphatics,  198. 

—  connection  with  cells  of  connective 

tissue,  73,  201. 

—  development  of,  201. 

—  nerves  of,  200. 

Lymph -corpuscles.         See   blood-cor- 
puscles, colourless. 
Lymphocytes,  34. 


MUS 

Lymphoid  tissue,  76,  209. 
development  of,  209. 

Macula  lutea  of  retina,  463. 
Malpighi,  rete  mucosum  of,  .227. 

—  pyramids  of,  320. 

Malpighian  corpuscles  of  kidney,  320. 

of  spleen,  209,  214. 

Mammary  glands,  246. 
Marchi's  method  of  staining  degen- 
erated nerve-fibres,  496. 
Marrow,  38. 
Measuring  objects,  25. 
Medulla  oblongata,  374. 
Megakaryocytes,  40,  218. 
Meissner,  plexus  of,  297. 
Membrana  tectoria,  482. 

—  tympani,  469. 
Mesencephalon,  401. 
Mesothelium,  55. 
Methods  of  embedding,  486. 

—  of  measuring  microscopic  objects, 

25, 

—  of  mounting  sections,  491. 

—  of  preparing  sections,  486. 

—  of  preserving  and  hardening,  484. 

—  of  staining,  492. 

Meynert,  bundle  of.     See  tracts. 

—  decussation  of,  403,  409. 
Micrometer,  25. 
Microscope,  24. 

Microscopic  work,  requisites  for,  24. 
Microtomes,  487. 

Migration  of  colourless  blood-corpus- 
cles, 51,  195. 
Mitochondria,  5. 
Mitosis,  10. 
Moist  chamber,  61. 
Monakow,  bundle  of.     See  tracts. 
Mould,  27. 

Mounting  solutions,  484. 
Mucus-secreting  cells,  63. 
Miiller,  fibres  of,  462. 

—  helicine  arteries  of,  330. 

—  muscle  of,  453. 

Muscle,  accessory  disks  of,  117. 

—  blood-vessels  and  lymphatics    of, 

121. 

—  cardiac,  123. 

—  changes  in  contraction,  116,  119. 

—  corpuscles,  113. 

—  development  of,  122. 

—  ending  of,  in  tendon,  120. 

—  involuntary  or  plain,  126. 

development  of,  127. 

of  arteries,  187. 

—  nerves  of,  121,  177,  180. 

—  nuclei  of,  113. 

—  of  heart,  123. 

—  of  insects,  115,  116. 

—  in  polarized  light,  118. 
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MUS 

Muscle,  prinoipal  disk  of,  117. 

—  red,  115. 

—  spindles,  122,  177. 

—  structure  of,  compared  with  proto- 

plasm, 119. 

—  voluntary  or  cross-striated,  HI. 
Myeloplaxes,  40. 
Myocardium,  250. 

Nails,  232. 

—  development  of,  234. 
Nerve-cells,  138. 

—  development  of,  161. 

—  processes  of,  138,  143. 

—  reticulum  of,  141. 

—  trophospongium  of,  143. 

—  types  of,  148. 
Nerve-fibres,  axis  cylinder  of,  132. 

—  degeneration  of,  154. 

—  development  of,  161. 

—  medullated,  129. 

—  medullary  segments  of,  131. 

—  motor,  terminations  of,  180. 

—  non-meduUated,  133. 

—  regeneration  of,  157. 

—  sensory,  modes  of  termination  of, 

166,  177. 

—  sheaths  of,  130. 

—  varieties  of,  128. 
Nerve-trunks,  structure  of,  134. 
Nervi  nervorum,  136. 
Neuroblasts,  161. 
Neurofibrils,  132,  140,  177. 
Neuroglia,  159. 
Neurokeratin,  131, 
Neurolemma,  130. 

Neurone,  138. 

—  theory,  148. 
Neuro-synapse,  148. 

Nissl,  granules  of,  in  nerve-cells,  138. 
Nissl's   degeneration    of    nerve-cells, 
140,  155. 

—  method  of  staining  nerve-cells,  499. 
Nucleolus,  8. 

Nucleus  of  cell. 
Nucleus  or  nuclei. 

—  of  abducens,  394. 

—  of  accessory,  378,.  381. 

—  of  Bechterew,  389,  397. 

—  caudatus,  440. 

—  of  cochlear  nerve,  385. 

—  cuneatus,  377. 

—  of  Deiters,  388,  392,  397,  402. 

—  dentatus  cerebelli,  417. 

—  of  facial,  392. 

—  of  glossopharyngeal,  379,  384. 

—  gracilis,  377. 

—  of  hypoglossal,  378,  381. 

—  lenticularis,  440. 

—  oculomotor,  401. 

—  of  olive,  380, 


PIT 

Nucleus  or  nuclei. 

—  of  pons,  390. 

—  of  posterior  longitudinal   bundle, 

403. 

—  preolivary,  392. 

—  red,  of  tegumentum,  402. 

—  semilunar,  392. 

—  of  Stilling,  417. 

—  superior  olivary,  392. 

—  tecti  (s.  fastigii),  417. 

—  of  thalamus,  411. 

—  of  trapezium,  391. 

—  of  trigeminal,  394. 

—  of  vagus,  379,  383. 

—  of  vestibular  nerve,  387. 

Objective,  24. 
Ocular,  24. 
Odontoblasts,  268. 
(Esophagus,  280. 
Olfactory  bulb,  436. 

—  cells,  439,  468. 

—  mucous  membrane,  467. 

—  path,  439. 

—  tract,  436. 
Olive,  375. 

—  superior,  392. 
Omentum,  191. 
Onychogenic  substance,  232. 
Opsonins,  50. 

Optic  chiasma,  409. 

—  nerves,  409. 

—  thalamus,  410. 

—  tract,  409. 
Ossification  in  cartilage,  102. 

—  in  membrane,  108. 
Osteoblasts,  100,  103. 
Osteoclasts,  105. 
Osteogenic  fibres,  108. 
Ovary,  344. 

Ovum,  22,  343. 

—  division  of,  17. 

Pacinian  corpuscles,  169. 
Pancreas,  316. 
Papillae  of  tongue,  275. 

—  of  skin,  230. 
Paranucleus,  5,  318. 
Paraplasm,  5. 
Parathyroids,  222. 
Penis,  330. 
Pericardium,  252. 
Perineurium,  134. 
Periosteum,  100. 

Peyer,  patches  of,  209,  300. 
Phacocytes,  33,  50,  218. 
Pharynx,  280. 
Pick,  bundle  of,  376. 
Pigment-cells,  72. 
Pineal  gland,  415. 
Pituitary  body,  224. 
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Pleura,  262. 
Polar  bodies,  17. 
Pons  Varolii,  390. 
Portal  canal,  311. 

Posterior  longitudinal    bundle.      Set 
tracts. 

—  commissure.     See  commissures. 
Prickle-cells,  54. 

Pronuclei,  18. 

Proprio-spinal  fibres  of  cord,  361,  366. 

Prostate,  331. 

Protoplasm,  2. 

Purkinje,  cells  of,  418. 

—  fibres  of,  125,  252. 

Pyramids  of  medulla  oblongata,  375. 

Ranvikr,  constrictions  of,  130. 
Recklinghausen,   method  of  staining 

with  silver  nitrate,  496. 
Reil,  fillet  of,  398. 

—  island  of,  426. 
Reissner,  membrane  of,  477. 
Remak,  fibres  of,  133. 
Restiform  body,  380,  389,  424. 
Reticular  or  retiform  tissue,  75. 
Retina,  454. 

—  macula  lutea  of,  463. 

—  pars  ciliaris  of,  465. 
Rhinencephalon,  433. 
Rolando,  tubercle  of,  377. 
Rollett's  method  of  staining  muscle, 

110. 

Rouleaux  (of  blood-corpuscles),  causa- 
tion of,  43. 

Ruifini,  organs  of,  173. 

Saccule,  473. 
Salivary  corpuscles,  52. 

—  glands,  281. 
Sarcolemma,  111. 
Sarcomeres,  116. 
Sarcoplasm,  112. 
Sarcostyles,  112. 
Sarcous  elements,  116. 
Schwann,  sheath  of,  130. 
Sclerotic  coat  of  eye,  446. 
Sebaceous  glands.     See  glands. 
Sections,  preparation  of,  486. 
Semicircular  canals,  473. 
Seminiferous  tubules,  337. 
Serous  membranes,  201. 
Sertoli,  cells  of,  341. 
Sharpey,  fibres  of,  99,  100. 

Sihler's   method    of    staining    nerve- 
endings,  499. 
Silver-methods,  496,  499. 
Sinusoids,  185,  197. 
Skin,  226. 

Spermatogenesis,  341. 
/Spermatozoa,  338. 


TRA 

Sphincter  ani,  internal,  308. 
Sphincter  pupillsB,  453. 
Spinal  bulb.     See  medulla  oblongata. 
Spinal  cord,  355. 

blood-vessels  of,  373. 

central  canal  of,  356,  373,  378. 

characters    in    different    parts, 

358. 

—  —  connection  of  nerve  roots  with, 

371. 

grey  matter  of,  366. 

membranes  of,  355. 

nerve-cells  of,  366. 

tracts  in,  360. 

Spinal  ganglia,  149. 

Spleen,  213. 

Spongioblasts,  161. 

Spongioplasm,  4. 

Staining  of  sections,  493. 

Stanley-Kent,  bundle  of,  252. 

Starch  granules,  25. 

Stilling,  nucleus  of,  in  cord,  370. 

Stomach,  287. 

—  blood-vessels  of,  294. 

—  glands  of,  288. 

—  lymphatics  of,  294. 
Stomata,  201. 

Stroma  (of  blood  corpuscle),  43. 
Substantia  nigra,  405. 
Subthalamus,  415. 
Suprarenal  capsules,  218. 
Sweat-glands,  244. 
Sylvian  aqueduct,  401. 
Sympathetic  ganglia,  150. 

—  nerves,  133. 
Synapse,  148. 
Syncytium,  2,  125,  194. 
Synovial  membranes,  90. 

Tactile  corpuscles,  167. 

—  disks,  169,  177. 
Taste-buds,  277. 
Teeth,  structure  of,  263. 

—  formation  of,  269. 

—  pulp  of,  268. 
Tegmentum,  402. 
Tendon,  82. 

—  nerve-endings  in,  174. 
Testicle,  332. 
Thalamencephalon,  410. 
Thalamus,  410. 
Thrombocytes,  35. 
Thymus  gland,  210. 
Thyroid  body,  221. 
Tissues,  enumeration  of,  1. 

—  formation  from  blastodermic  layers, 

22. 
Tongue,  275. 
Tonsils,  207. 
Tooth.     See  teeth. 
Trachea,  254, 
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TRA 

Tract  or  tracts  or  bundles. 

—  anterit)r  longitudinal.     See  tecto- 

spinal tract. 

—  anterolateral  ascending.    See  tract 

of  Gowers. 

descending.     See  tract  of  Loew- 

enthal. 

—  bulbo  thalamic.   See  tract  of  fillet. 

—  of  Burdach,  360,  377- 

—  central,  of  cranial  nerves,  398. 

—  central,  of  tegmentum,  381,  397. 

—  cerebello- bulbar,  384. 

—  comma,  361. 

—  of  cord,  360. 

—  cortico-bulbar,  396,  398. 

—  cortico-spinal.  5ee  pyramidal  tract. 

—  crossed  pyramidal.     See  pyramidal 

tract. 

—  descending  cerebellar,  399. 

—  direct  pyramidal.     See  pyramidal 

tract. 

—  of  Goll,  360,  377. 

—  myelination  of,  360. 

—  of  fillet,  377,  387,  397,  404,  411. 

—  of  Flechsig,  365,  381. 

—  of  Gowers,  365,  381,  399. 

—  of  Gudden,  403  (footnote),  414. 

—  of  Helweg,  365. 

—  of  Lissauer,  366,  371. 

—  of  Loewenthal,  363. 

—  of  Marie,  366. 

—  of  Meynert,  405. 

—  of  Monakow,  365,  396,  403. 

—  of  Munzer,  403. 

—  of  Pick,  376. 

—  olfactory,  436. 

—  olivo-spinal.     See  tract  of  Helweg. 

—  optic,  409. 

—  ponto-spinal,  397. 

—  posterior    longitudinal,    363,   388, 

392,  396,  402. 

—  prepyramidal.     See  tract  of  Mona- 

kow. 

—  pyramidal,  361,  376,  390,  396,  405, 

409. 

—  of  Risien-Russell,  418. 

—  rubro-spinal.     See  tract  of  Mona- 

kow. 


YEA 

Tract  or  tracts  or  bundles. 

—  spino-cerebellar,  365,  370. 

—  spino-tectal,  366. 

—  spino-thalamic,  366. 

—  tecto-spinal,  365,  397,  403. 

—  thalamo-bulbar,  398. 

—  thalamo-olivary,  397. 

—  transverse  peduncular,  410. 

—  ventral  longitudinal.      See  tecto- 

spinal tract. 

—  vestibulo-motor.        See     posterior 

longitudinal  tract. 

—  vestibulo-spinal,  363,  397. 

—  of  Vicq  d'Azyr,  414. 
Trapezium,  391. 
Trophospongium,  4,  143. 
Tympanum,  469. 

Ureter,  328. 
Urethra,  231. 
Urinary  bladder,  329. 
Uriniferous  tubules,  course  of,  322, 
Uterus,  352. 
Utricle,  473. 

Vas  deferens,  335. 
Vasa  vasorum,  196. 
Vasoformative  cells,  36,  196. 
Veins,  structure  of,  189. 

—  valves  of,  190. 

—  variations  in,  190. 
Vermiform  appendix,  308. 
Vesicular  seminales,  336. 
Villi,  arachnoidal,  442. 

—  of  intestine,  302. 

—  of  synovial  membrane,  91. 
Vitreous  humour,  466. 
Volkmann,  canals  of,  99. 

Wallerian  degeneration,  164,  360. 
Warmingapparatus,  48. 
VVeigert-Pal  method  for  staining  sec- 
tions of  the  nervous  system,  496. 
Woollen  fibres,  27. 

Yeast,  27. 
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